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INSECT PESTS OF TEA IN NORTH-EAST INDIA 
DURING THE SEASON 1919. 


The season 1919, which was characterised by an unusual 
period of drought, was of exceptional interest from the point of 
view of insect distribution, and, given a complete set of records, 
might have taught us much regarding the effect of extreme con- 
ditions on the behaviour of our insect pests. Thanks to the 
energetic efforts of the Secretary to the Surma Branch a goodly 
number of reports were received from that district during the 
latter part of the season, but only one or two forms were 
received from the districts of Nortli Bengal, and reports from 
Assam were received irregularly, while none were received from 
the north bank of the Brahmaputra. We regard these reports 
as of such interest and importance that we protK)se to continue 
in our endeavours to arouse interest in the matter. To this end 
the report forms have been bound up in books of — a sugges- 
tion made by interested planters in the Surma Valley. It will 
thus be ])ossib!e for each ])lanter to keep copies of the reports, 
and to obtain for his own use a continuous recoial of the behaviour 
of the insect pests on his estate. In many cases we have received 
one or two very full reports from one garden, and then no 
more. This would seem to show that many who are prepared ro 
help do not receive forms regularly. If such will communicate 
with the Ollicer-in-charge at Tocklai he will be pleased to send 
to each a book of forms, and to register his name to receive a 
book regularly each year. 

The reports received during 1918 are of considerable itUerest, 
and show that the general tendency of the exceptionally dry 
year was to bring about considerable decrease in the damage 
done by caterpillar pests, and, on the whole, to augment the 
damage done by the sucking insects. Most of our caterpillar 
pests feed on a variety of plants, and adapt themselves to 
considerable variation in the nature of their food supply. Nearly 
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all these pests are moat successfully dealt with during the 
resting period of the chryshlis stage, and the prolonged desicca- 
tion of an exceptional drought has a considerable effect on their 
numbers owing to its interference with the proper course of 
pupation. The sucking insects, however, are more specialised 
in their feeding habits, and owing to their incomplete metamor- 
phosis do not demand special sets of conditions at different 
periods of their life histories for successful development. The 
nature of the food supply thus becomes of more relative im- 
portance in control, and the effect of the drought on these pests 
is in all places modified by existing conditions of soil, cultiva- 
tion, drainage, etc. Thus, while caterpillar pests were univer- 
sally of less importance during 1918, we find that the mosquito, 
green fly, red spider, and pink mite are recorded from some parts 
as having been less than usual, from other places as having been 
worse than usual. Were the climate the only controlling factor 
these differences should not occur, and the sucking insects 
should be universally better or worse, like the caterpillars, in an 
exceptional year like the last. They were, on the whole, as 
stated above, worse, but this was by no means general, and the 
object of asking for the reports is to correlate the instances and 
endeavour to elicit the other factors influencing the matter, 
Greenfly, for instance, was reported as being worse than usual 
from two places in Assam and two in North Cachar, The 
former two places are gardens in which a good deal has been cut 
out of the bushes of late years, the latter are subject to hail 
almost annually. There may be some connection, but owing to 
the incompleteness of the record the matter cannot at present be 
carried any further. 

The records of the treatment of tea mosquito with insecti- 
cides are of interest. In nearly all cases where the damage done 
was slight the managers regard the treatment as successful to 
some extent, but where mosquito was severe no sign of improve- 
ment could be noticed. An encoui’aging record is the reported 
freedom of plots, treated with potash some three years ago, from 
serious attack by mosquito. The records of borer attack give 
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III.— North Cachak. 
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Bunch Caterpillar, 

( Andraca hi punctata — Wlk.) 

These insects are reported from both the Brahmaputra and 
■Surma Valleys, being in evidence during February to May and 
again during October. They are everywhere reported as having 
been much less numerous than during 1918. Collection of the 
clusters is everywhere reported as an efficient means of control. 

Sandwich Caterpillar. 

( Agriophora rhomhota — Meyr.) 

This pest occurred in the Lakhimpur district of Assam, but 
is not reported from other districts. The damage done was not 
serious, and collection of the insects sufficed to keep them down. 
They were present in smaller numbers than in previous years. 
Ill Cachar and Sylhct they were present in small numbers, but 
on one garden in Sylhet they were present in considerable num- 
bers in the latter half of the season. 

Looper Caterpillar. 

( Bifiton s up p ress aria — Gr u e n . ) 

This pest is reported from Assam and Cachar, but nowhere 
attained to serious proportions. 

Red Slug. 

(He terns ia ma g n ifi ca — Bull.) 

This pest is reported only from the Assam Valley, and 
there only from the Lakhimpur district, where caterpillars were 
found in the tea in small numbers in July and October, being 
less in evidence than during 1918. 

Faggot and Bag Worms. 

{Clania spp.) 

These are reported from the Brahmaputra and Surma 
Valleys, and from the Duars, and appear to have been noticed, 
in small numbers, at one place or another, throughout the year. 
Their numbers were, on the whole, slightly less than in the 
previous year. 



INSECT PESTS OF TEA IN NORTH-EAST INDIA DL'RING SEASON 1919 . 38 

Limpet Caterpillar. 

(^Acanthopsyche reif(i — W att. ) 

Odd specimens recorded from Sibsagar and Sylhet. This 
insect nowhere attained the status of a pest. 

Gelatine Grub. 

{Belippa spp.) 

In tlie Lakhimpur district of the Brahmaputra Valley these 
insects were most conspicuous in July. Reports from the Surma 
Valley indicate that an attack was also noticed which commenced 
at the middle of October and continued into November. In 
both districts the attack was less serious than in the previous 
season. 

Nettle Grub. 

( 'Iltoiiea ctrvina — Moore.) 

One garden in the Happy \'alley district of Cachar reports 
the occurrence of these insects in early November. The damage 
done to the tea was negligible. 

Red Bortr, 

i^Zticera cvji'eae — Nietn.) 

This pest is reported from all districts, being generally said 
to have attacked a few bushes here and there, but from one 
garden in North Cachar it is reported as being serious. This 
garden is in a district subject to hail and very badly affected by 
borers of all kinds. 

An interesting fact observable in these records is tiiat the 
pest was noticed by planters to be particular! v in evidence at two 
periods of the year, namely, in March to April and in August to 
Septeinl)er. It has always been supposed that there is one brood 
of those moths per year, and that the caterpillar spent the i^reater 
part of a year inside the stem of a bush. Borers found in the 
field at Tocklai in February and March have always become adult 
in March and April, but there is an adult specimen in the Kanin 
Koory collection recorded by Mr. Antram as having been captured 
in December. It seems highly probable, therefore, that tliere are 
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two broods of these insects in the year, and that during the early 
part of the pruning period such caterpillars as are present are 
almost ready to pupate (we know that they are generally full- 
grown). If this be the case cutting out the dead branches will 
not be of much avail unless tliey are burnt, as pupation and 
emergence can take place while the prunings are lying on the 
ground. The moat logical metliod of dealing with the pest would 
appear to be to send one or two intelligent men round the garden 
towards the end of August or in early September, with a pruning 
knife and a basket. Bored shoots are beginning to die and show 
up conspicuously in the plucking tea, and could be easily cut 
out, taken to the factory, and burnt, thus e]isuring the destruc- 
tion of the insects. 


Bark-eating Boreh. 

{Arhela dea — Swinh.) 

The depredations of these pests seem to be gradually lessen- 
ing year by year, probably owing to the fact that more careful 
attention to priming is having its effect. The insect is reported 
from all districts, but in only one or two cases, in Cachar, is the 
damage reported as of serious momeru, and in those cases it was 
less than in tlie previous year. 

Orange Beetle. 

( Diapromorpha meJanopn.^ — Lacord,) 

This pest, which is reported from Assam, Cachar, and 
Sylhet, is distributed more or less universally throughout the tea 
area, being generall}^ sliglit, but locally serious, more especially 
in cases where there is much jungle aljout, and on cut down tea, 
where, owing to the smaller number of shoots on the bush during 
the early part of the season, its effects are more noticeable. The 
reports for 1919 show, that both in the Brahmaputra and Surma 
Valleys a climax was reached at two {periods during the season, 
the first being from April to June, the second in September, but 
odd individuals were to be seen throughout the season. On the 
whole, this pest was distinctly worse than usual, though nowhere 
did it attain the rank of a major pest 
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Tea Mosquito. 

( H elopeltis their or a-^ VVaterh. ) 

The season 1919 was marked by an exceedingly serious 
attack of Ilelopeltis in Cachar and Sylhet, while in Assam and 
the Duars the damage done was less than usual. This distribution 
is correlated to some extent with the duration and severity of 
the drought experienced in all districts during that season. In 
the Duars the pest behaved according to precedent, and hot dry 
weather resulted in a comparatively mild attack. In Nowgong, 
again, where the pest was exceptionally bad during the wet 
season of 1918, the season 1919 was marked by comparative free- 
dom from attack, lu Cachar and Sylhet, however, where the 
drought was more prolonged, and where, in many places, the 
system of drainage considered necessary is such that unless the 
drains are ‘‘bunded up" the bushes suiter from drought at the 
end of every season, the bushes seem to have had no power of 
resisting attack at all, and reports of serious damage are the 
result. In the Surma Valley it is interesting to note that the 
area particularly badly affected did not include North Cachar and 
North Sylhet, 

Uii several gardens in the Surma Valley experiments were 
carried out some three years ago with potash manures. In cer- 
tain' cases, where no result was obtained at the time, managers 
have reported this year that those treated areas were more free 
from mosquito than the surrounding areas. This fact, taken in 
conjunction with the results recorded in Part IV* of the Quarterly 
Journal for 1919, is signiticant. 

Ghken Fry. 

{Einpoa^ca jiare^cens — Dist. l 

ihis pest was, on the whole, less serious in the Brahmaputra 
Valley than in 1918, but in one or two instances, notably in 
Sibsagar and Lakh im pur, tlie attack was of exceptional severity 
on an estate, while the neighbouring gardens report the post to 
have been less serious than usual. Reports from North Sylhet 
and North Cachar report green Hy to have been more prevalent 
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than during the previous year, while in the Nagrakata district of 
the Duars the pest was also'inoro in evidence than in 1918. 

Thrips. 

( Physothrips setiventris — Bagn.) 

Reported as having been seen in North Cachar in June and 
July and in Hailakandy in September. 

Crickets. 

[^Brachytrype^^ ackatin us — Stoll. ) 

These pests receive remarkably little mention in the reports, 
but are reported as having been very serious in nurseries, young 
extensions, and cut back tea in North Cachar. They were, as a 
matter of fact, particularly in evidence in 1919. 

Termites. 

As was to be expected in such a dry year, these pests were 
worse than usual in Cachar and Sylhet, but in Assam, where the 
attacks of the insect do not attain such serious proportions as in 
the Surma Valley, no particular increase in severity appears to 
have been observed. The reports indicate the value of tlmllying 
and good deep hoeing in reducing the extent of attack. 

Red Spider, 

( Tetranychm bioculaius — \V.-M.) 

Red Spider was generally rather more serious than in 1918 
during the early part of the year, and a second attack beginning 
about September was more general than nsual. In several 
instances the benefit of shade trees was noticed, the action of these 
being probably due to their having assisted in the upward move* 
ment of water through the dry soils, Lime-sul])hur, lime and 
fresh cowdung, sulphur, and cowdung, sulphur, and mud, are all 
reported to have been used successfully as checks. 

Pink Mite. 

(Phytoptus iheae--W'i[tt.) 

More serious than in the previous year in North Cachar 
during May and June. 


E. A. A. 
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THE FUNGUS DISEASES OF THE TEA LEAF 


By 

A. C. Tunstall, b. sc. 


AND 


S. C. Bosk. 


{Continued from 1920, Part /, page 25.) 

Brown blight . — Glomerella cingnlata (Stoiiem.) S. & v. S. 
= Colletoirichum Camelluey Mass. 

Brown blight attacks the leaves and green stems o£ the tea 
plant. Brown blight is sometimes very serious indeed and the 
loss in crop due to a severe attack is very considerable. It is more 
commonly serious on unpruned than pruned tea and is frequent- 
ly the cause of disapj^ointing yields especially when weather 
conditions are unfavourable, either too dry or too wet. The 
writers would urge planters to study this disease carefully, as if 
it really gets a hold on a block of tea it is exceedingly difficult to 
check. The portions attacked by the fungus die, forming patches 
yellowish to chocolate brown above and light brown below. The 
edges of these patches are sharply defined and commonly marked 
with a delicate concentric zo nation consisting of narrow lines and 
darker bands. Several spots may coalesce to form one large 
irregular patch. Minute black dots or pustules (the acervuli of 
the fungus) are seen arranged in concentric lines on both sides. 
On some of these spots may be seen milky or pinkish drops. 
These are masses of spores or seeds of the fungus. This disease 
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is often confused with grey blight which it resembles. The black 
dots on the diseased patches due to grey blight are, as a rule, 
much larger than those of hrown blight, but sometimes it is 
difficult to distinguish these diseases without a microscope. 
Examined bv a pocket lens these dots will be seen as crater-like 
openings, some of which are surrounded by deep broAvnish-black 
hairs or papill^e. A cross section of the diseased spot when 
examined under the microscope will show that the pustules are 
formed beneath the skin and later push their way through by the 
development of a mass of mycelium covered with cone-shaped 
erect hypha} or filaments. The end of each hypha or filament 
swells slightly and later is separated from the rest bv a wall. 
The detached portions correspond to the seeds of higher plants 
and are called s|X)res. This particular kind of spore is called a 
conidiospore. One or more conidiospores are produced from a 
single hypha. These spores have a gelatinous coat and thev 
often stick together and emerge as a milky or pinkish exudation. 
The spores stick to insects, like red spider or green fly, cattle, 
the clothing of coolies, etc., and are thus distributed. They are 
oblong Avith their ends rounded, colourless, onc-celled, rarely 
two-celled and measure 12*5—20 by 5 — (lOOOths of a 
millimeter). This i.s the imperfect stage of the fungus and Avas 
for a long time the only known fruiting stage. It Avas knoAvn 
as CoUetoirichtnn Sp. and Ghvosporinvi S/>. When the blackish 
hairs mentioned above were present the fungus Avas called 
CoUetofrirKum ^p. When no hairs Avere found it was called 
Glf^osporitwi Sp. The fungus liowever .see?ns to be identical. 
There are species of Gheosjmrvtm found on tea but tliey have 
smaller spores. There are also various strains of the hroAvn 
blight fungus, some of Avhich develop fcAv hairs. 

This form of fructification is found throughout the year. 

At a later stage the surface of the spot bearing the conidial 
form of the fungus becomes light grey and covered Avith black 
dots. If a section be cut across such a spot and examined under 
a microscope it will be seen that these black dots are the crater- 
like openings of spherical receptacles called perithecia. The 



A photograph of a leaf with Brown blight. (The spores are more 
distinct thaji in the coloured plates). 
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perithecia are never surrounded by any dark hair like the acervuli 
of the conidial form. The perithelia, produced singly or in 
groups, remain embedded in the tissue with their mouths only 
projecting. The perithecia are nearly spherical, and occasionally 
with short beaks. They are black and carbonaceous and measure 
110 — 160 by 115 — 1 15[x, They contain a large number of club 
shaped sacs (asci) each of which contain 8 spores. These s^wres 
are called ascospores. The asci measure 55 — 74 by 10 — 13[i. 
The ascospores are one-celled, colourless, slightly tapering towards 
their ends and usually slightly curved. They are arranged in 
two rows within the ascus and measure 12*5 — 18 bv 3*5 — ox. 
The interior of the beak of the perithecia is covered with hairs. 
These hairs have an important function as they regulate the escape 
of the spores. 

This form of fructitication may be found throughout the 
year, but it is moat common during January to July, be., during 
the cold weather and early rains. 

The fungus infects the leaf when it is quite young. A tm\ 
tube from the spore enters the skin and the contents of tiie spore 
pass into one of the cells of the skin and tliere remains dormant 
until the leaf is well stored with suitable food substances. The 
blight first ap])ears on tlie up])er surface of the loaf as a yellowisli 
brown spot. As the s])Ot gets older the tissue of the leaf dies, 
becoming dry and l)rittle. The centr<il ])art of the s])Ot some- 
times ruptures and falls out, leaving a hole in the leaf. The 
disease is found more or less throughout the year, but it is more 
common during the rains, when the fungus attacks both leave> 
and <rrcen stems and the stems become dry and black and aiv 
easily broken. Both the forms of fruit bodies of the fungus 
apjtear also on the diseased stems 

The fungus has been grown in pure eulture from both ki!id.> 
of spores. It grows well in jelly made with either mai/.e meal, 
rice meal, cane sugar, and standard dextrose. 

In culture the conidiospores on germination sometimes 
divide into two cells by a cross wall. They germinate by one or 
a couple of thin hairdike tubes or filaments arising from near thel 
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ends. The filaments give out lateral branches and in some cases 
give rise at their tips or \n their length to black bodies by the 
subdivision of a portion of the filaments. These spore-like 
bodies are formed within 3 — 5 days after inoculation and send 
out new filaments in some cases, while still attached. 

In culture the mycelium is at first colourless, later a portion 
assumes a dork colour with many divisions, filled with numerous 
bright little globules. The couidiospores are at first produced 
singly at the tips of lateral branches. They take 2—4 days to 
develop and as soon as they are completely formed, fall off. 
Black stromata are formed from 4 — G days, from the germination 
of the original spore from which the couidiospores are exuded in 
miky or pinkish drops. Whenever the black hairs mentioned 
above are present they are produced in abundance, in 7 — 0 days. 
They are either scattered or surround the stromahi. They are 
deep brown, more or less curved, 2 — 3 celled. 

The formation of perithecia docs not take place in culture 
until considerably later. 

In culture the ascos|)ores on germination sometimes divide 
into two cells by a cross wall. They germinate within 2 days l)y 
giving out one or two filaments from cither or both ends. Th(i 
filaments give out lateral branciies, at the tif)s of which coiiidio* 
spores are produced within 4 — days. 74] e ascospoi’es g-erininate 
readily, sometimes even inside the perithccium, and produce 
conidiospores. The ])erithecia are formed in cultures obtained 
from ascosjx)re8 sooner than those obkiiied from conidiospores. 
Jhey form within G — 8 days and mature within 12 — 30 days. 

The characters of the mycelium are similar to those ob.served 
in mycelium from the conidial stage. 

The perithecia are either produced singly or several arc 
grouped within a single carbonaceous stroma. 

Infection of sterilised leaves and green stems took place 
within 2 days, and in 11 days acervuli were formed in concentric 
zones. The perithecia under ordinary circumstances take a long 
time to develop. 



Plioto-micro^raph of brown blight spot. 
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Inoculation of healthy living shoots gave the following 
results : — 


Per cent, oi' total leaves found to 
be infected from 42 — ]22 days 
after spraying on a water sus- 
pension of the spores. 


Bud leaves 

32^ 

Young leaves 

...1 bo% 

Old leaves 


Green stem 

... : Nil. 

Old stem 

Nil. 

Check 

Nil. 


In the ex[>eriinent under notice before 44 davs no obvious 
signs of infection were noticeable to the naked eye. 

The method adopted for inoculating the shoots was as 
follows. The shoots were first thoroughly washed with water 
and then sprayed with conidiospores suspended in sterile v ater. 
The shoots were then covered with a niulmul cloth bag. These 
results do not mean that the blight will not develop sooner than 
41 days, but that on the particular experiment tlie plants used 
were not in suitable condition for the development of the fungus 
before that period had elapsed. In some cases it is probable that 
the fungus develops within a fortnight. It is very variable. 

The fungus may attack any tea leaf, but if the plant ns in 
vigorous health it does not develop. 

Experiments were made to determine the loiigevitN' of spores 
in the following manner : — 

One- half of I the diseased leaves were desiccated by putting 
them in test tubes without plugs which were kept in a desiccator 
for ^ days. They were then plugged with cotton wool and 
sealed with paraffin wax. The other half were plugged without 
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desiccation. Each set was divided up into groups which were 
stored under different conditions. 

It was found that exposure to sunshine was fatal to the 
fungus within a few months but under ordinary circumstances, 

light shade and a damp atmosphere the finigus could survive 
the cold weather with ease when in <Iead material. Solitary 
spores have much less resistance ho^vever. Frotn this information 
it is obvious that it is necessary to remove all diseased material 
from the tea. It would be quite safe to bury it in trenches or 
hoe it in provided it is covered deeply enougii to avoid distur* 
bance by subsequent light hoes. 

The fungus is not confined to tea. It grows on ripe fruits 
and other parts of common jungle trees. It also attacks the 
ejj., Sau, Koroi trees. It is therefore impossible to 
eradicate it, but on most gardens the infecting material may be 
reduced to a great extent during the cold weather. 

It will be seen that there are many serious difficulties in 
dealing with this disease. There is no doubt that the soil condi- 
tion is a very important factor in this disease. The fungus is 
so common that if all the tea was susceptible to attack little 
would survive. What then are the particular conditions favour- 
ing the disease ? At Tocklai a plot of tea including all the com- 
mon types of tea was allowed to become seriously attacked witli 
the disease. The light leafed varieties were more severely attacked 
than other jats including China. Light leafed varieties of tea are 
usually more susceptible to disease. The behaviour of Cliina teu 
was exceptional. It was distinctly less susceptible to the blight. 
The diseased shoots were removed and the lime-sulphur solution 
applied immediately after. At the same time an application 
of Potassium nitrate was made. There was a tnarked diminution 
of the disease. Later experiments showed that Burgundy mix- 
ture was a better spray fluid than lime-sulphnr solution for this 
disease. 

The disease remains in young infected stems and from these 
infects the new, leaves next season. Sometimes big stems die 
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right back. It is therefore important to cut out all diseased 
wood at pruning time. 

The Treatment of the Disease. 

1. In the case of isolated bushes it is, important to pluck off 
all diseased shoots and spray with 2 per cent. Burgundy mixture, 
not only the infected bush but all those adjoining it. 

2. If there are signs of a serious attack developing, manure 
the soil at once with the following : — 

1 oz. per bush Nitrate of potash forked in round the bush. 

This treatment has given definite results at Tocklai. It is 
probable however that a mixture of : — 

I oz. Nitrate of potash 
J oz. Sulphate of potash 

would do better. 

Application of nitrogen alone has been found to lead to 
increased liability to attack. 

After removing all diseased shoots, spray with 1 per cent. 
Burgundy mixture. 

3. In the case of unpruued tea on gardens where previous 
experience leads one to expect an attack it is well to remove all 
diseased leaves and shoots and spray with 2 per cent. Burgundy 
mixture during the cold weather. This treatment will pay in 
any case whether brown blight is expected or not. It will help 
to check red rust and copper blight. 

It sliould be specially rioted that nothing predisposes plants 
to this disease so effect i^■ely as bad drainage or poor tilth due to 
lack of organic matter in the soil. Whenever the disease causes 
much damage special attention should be paid to these points. 



PRUNING EXPERIMENTS ON YOUNG TEA. 


In Quarterly Journal, 1918, page 129, are given the results, 
after one year, of cutting j:lo\vn young tea at heights varying 
from the collar up to 24" from the collar. In the table now given 
will be found the results of the first and second years' pluckings. 

It should be carefully noted that the bushes described as 
collar-pruned were cut right through the collar itself, that is, 
through the place where stem and root join. If planting were 
perfect this would of course mean the ground level. Many 
planters, liowever, make a practice of planting with the collar a 
little below the ground level in order to avoid the error of 
planting with part of the root exposed. Others plant deliber- 
ately a little high, knowing that tlie soil will rise under cultiva- 
tion. In any case it is difficult to make supervision so efficient 
that every bush is perfectly planted, with its collar on the 
ground level. It is, therefore, more accurate to describe the 
cutting with reference to the collar than with reference to the 
ground level. “Ground level” also is difficult to find when 
bushes have been forked round. 

The experiments have sliown that wherever the cut be made, 
at any rate with a bush cut to below iV', the greater number of 
new shoots arise from the stem just above the collar. When 
the cut is made through the collar, therefore, very little or none 
of the best shoot-} ielding region is left. For this reason a bush 
cut through the collar is less likel}' to yield shoots before it dies, 
than is a higher-cut busii. In these experiments the percentage 
of deaths from collar pruning was 8 per cent., while from cutting 
to 2" above the collar only 1 per cent, of the bushes died. With 
still higher cutting the percentage of deaths was the same or 
slightly less. 

On the other hand if the cut is made above 2", the shoots 
still arise from near the collar, and the result is nearly always a 
snag of dead wood in the middle of the bush, and this lays the 
bush open to attack by white ants. 

When the cut was made at 2", snags were left in very few 
cases, but it is possible that the cut might be made a little lower 
with advantage. When the cut was made just above tlie lowest 
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branch no snag was left, since the branch keeps the stump alive ; 
neither did any vacancies arise from tke cutting. If the branch 
is low and not too well grown (in which ease it might run 
away,” forming a “ single-steraraer ” afresh) very good bushes 
result from this method of cuttiniJ'. 

o 

Except for the formation of a snag the bushes cut at 4'' 
have given as good bushes as those cut louver and have averaged 
I maund per acre more than the cut bushes in the two years. 
This extra yield however is too dearly bought at the cost of a 
dangerous snag in the busli. The presence of snags has causefl 
little trouble at Tocklai, but would certainly lead to trouble in 
districts where wEite ants are bad. 

Of the cut down bushes then, those cut at T have proved 
most satisfactory. 

The yields while the biish is thus being formed are low. 
The yield, however, can undoubtedly be greatly increased by 
leaving the bushes unpruned for the second year’s plucking. 

These experiments have not proved this point. 

The. year 1919 was one of serious drought and unusually 
unfavourable to unpruued tea. 

The tea for these experiuieiits was arranged in lines, one 
line for each type of pruning, and it so happens that the lines of 
unpruned Burma and Assam tea run along the sides of drains. 
The drying of the soil due to these drains intensified the effect 
of the drought. 

The Linpruned Burma and Assam tea thus gave only about 
t) maunds and 4 inannds respectisely instead of at least lu 
maunds which had been couhdently expected. 

The unpruned China tea, well away from a drain but otlier- 
wivse similarly treated, did give 10^ maunds and the expectation 
is that the indigenous varieties would norma lly have given more. 

The only other line along a drainside was the China which 
had been collar pruned and then cut to This gave only half 
what was obtained from ilie Assam and Burma l)ushes similarlv 

treated. 
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In passing it is desired to emphasise the fact that the above 
is not an expression of ^opinion contrary to the necessity of 
drainage. Where a line of tea is not missed to take the drain, 
drainside bushes must suffer, particularly on a light soil in a 
droughty year ; but tlie remainder of the clearance undoubtedly 
gains to an extent which more than compensates for this loss. 

With the bushes which were not cut down, but “ cut across 
at varying heights, examination of the table will show that the 
higher the bush is cut, the greater is the yield obtaiued. 

The quantity uf tea obtained from the bushes so treated 
(20 mds. per acre in the first two years, in the case of the bushes 
cut at 24") looks very tempting. The bushes, also, are wide. 
Although planted 5^ x 5' square they are now actually touching. 
But the crop was obtained entirely from the middle of the bush, 
the outsides having yielded little or nothing. Further, these 
outsides are very weak and are attacked by red rust and brown 
blight. Last year (1919) in June, each bush carried an outer 
ring of yellowish -white leaves as a result It is in fact very 
doubtful whether the present yield can be increased or even 
maintained from these high-cut bushes, whereas from those cut at 
4" and below we may expect, eventually, wide bushes with strong 
outside branches from low down, and giving very high yields. 

From the high-pruned bushes, also, tiie yields to date are 
higher than would be obtained from the average clearance. The 
bushes were planted at 3 years old from seed, and then had two 
years growth unpruned and unplucked. At the time of cutting 
across, therefore, they were already bushes of fair sixe. 

On the other hand the yields obtained from the cut down 
bushes are probably little less than would have been obtained if 
the plants had been out down at 3 years from seed. 

The bushes cut at 6" and then at 12" have not given the 
yield given by those originally cut higher, nor is the bush ob- 
tained much more satisfactory in shape than that obtained by 
cutting at 12". 

This 12" cutting has produced a very large number of 
bushes with a good spread from low down, and it is probable 
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that if now treated by the method of taking out centres, we 
could obtain the advantage of an early^ high yield, and still obtain 
bushes with a satisfactory frame. 

The method will be tried on a larger scale at Borbhetta. 

It is also possible that if systematic “cutting out-of- 
centres ” were practised on the bushes originally cut at 18" and 
24 " respectively, these also could be made to form good frames ; 
but at present the great majority of these bushes look as if only 


collar pruning could produce a satisfactory bush. 







Calculated as 


PRCNlNa. 

Yield. 

maunds 

pucca tea 






per acre. 

Plot. 












Total 

Mean 


lit 17. 

1918. 

1918. 

1919. 

in 

total in 






2 years. 

2 years. 

Assam 

Cut across at 24' ... 

4 ' new wood... 

8-23 

12-17 

20-40 


Burma 

Ditto 

Ditto 

8'44 

12-54 

20-98 

20-69 

Assam 

Cut across at 18' ... 

4" new wood... 

9-54 

9-57 

19 U 


China 

Ditto 

Ditto 

8-57 

8 42 

16-99 

17-96 

Burma 

Ditto 

Ditto 

8‘27 

9-o0 

17-77 


Assam 

Cut across at 12' 

4" new wood,.. 

6'87 

8-67 

15-54 


China 

Ditto 

Ditto 

7*93 

7*83 

15-7^ 

1514 

Burma 

Ditto 

Ditto 

0 fl 

851 

14-12 


Assam 

Collar pruned 

Unpruned 

2-G3 

4-18^' 

6-81® 


China 

Ditto 

Ditto 

2 55 

10-23 

12-78 

12-78 f 

Burma 

Ditto 

Ditto 

2‘13 

0-07 « 

8-20^ 


Burma 

Cut down to 6' 

6" new wood... 

4'8G 

T'Sl 

12-67 

12-67 

Assam 

Cut down to 4' 

6" new wood... 

4‘76 i 

5 62 

10-38 


Burma 

Ditto 

i Ditto 

4-36 1 

5*71 

10-07 

10-22 

Assam 

Cut down to 2' 

1 •* ' 

tV' new wood... 

416 

t 

I 4'7G 

8-91 


China 

Ditto 

( Ditto 

5-37 : 

4-79 

10-16 

9-57 

Burma ' 

Ditto 

‘ Ditto 

! 

5-17 

1 5-02 

10-19 


Assam 

Cut down to lowest 

1 

6' new wood.. 

4-52 

1 5-17 

9 69 



branch. 






Burma 

Ditto 

Ditto 

4o6 

5-14 

9-70 

9-70 

Assam 

Collar prunovl 

; 6" new wood... 

2-31 

4-26 

6-57 


China 

Ditto 

Ditto 

2-48 

2*75® 

5-230 

7-2f 

Burma 

J 

Ditto 

I Ditto 

i 

H2 

5-22 

7-84 



® Drainside bushea. 
Omittiog draineide bushes. 


H. R. C. 



EXPERIMENTS ON MANURING OF GREEN CROPS. 


In Quarterly Journal, 1918, Part I\ , page 87, are given 
the results of manuring green crops on five different soils. The 
results on Borbhetta soil generally resembled tliose on tliree of 
the other soils, the fiftii (Gatoonga) behaving in an exceptional 
manner. The Borbhetta soil is therefore likely to give results 
of fairly general application. 

In 1919 the plots at Borbhetta manured in 1918 were again 
cropped in order to determine the residual effects of tiio manures, 

1919 was a dry year unfavourable to the growth of big 
green crops. The first crop, growing from early June to the 
middle of July, was poor : and after removal of this crop, the 
same beds were again sown early in August and weighed in the 
middle of September. This crop was no better. 

Germination, however, was splendid and all beds contained 
the same number of plants. The poor crop was due to the ])oor 
development of the plants and not to absence of plants from 
death or failure to germinate. Results are therefore comparable. 

The results calculated to tons of green matter per acre are 
given in the following table. 

The figure for 1919 crop is the sum of the two crops obtain- 
ed in that year : — 




Crop in tone per acre. 

MAniii ing. 


1!I1K 

1919 

Check fjlols 


2'7i> i 

2-62 > 2 83 
312 ) 

1- 58 ^ 

1‘05 • 1*03 

2- 27 ) 

Slaked lime 

800 lbs. 

2'4o ) 

2 07 / 

2-65 } ^ 

Crushed limestone 

... 1,200 lbs. 

2*79 

, ... 229 
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T 


Manuring. 


j Crop in tons per acre. 


j 1918 

1919 

Slaked lime 

Sulphate of atuiiiooia 

800 Ibg. 

... ].50 1bs. 

^ ..n-' 
2-95 > 

171 

Crushed limegtone 

Sulphate of ammonia 

... 1,200 lbs. / 
... 150 lbs, i 

... 3-16 

... 3 4.5 

Carbonate of magnesia ... 

Sulphate of ammonia ... 

... ibtO lbs. ) 

150 Ibg. ) 

8 34 5 

(1’68) . 3’34 
3-34 ) 

2-88 ) 

(1-S2) -279 
270 ' 

Slaked lime 

Sniphate of ammonia 

Sulphate of potash 

... 800 lbs. 

... 150 lbs. 

... 75 lbs. 

3-07 1 

3-53 3-24 

3-17 

9-0 7 , 

970 ■ 3'2:. 
2-l^ ' 

Slaked lime 

Sulphata of ammonia 

SULPHATE OF POTASH 

8U0 lbs. 1 
• .« 150 lbs. 

... 8,200 lbs. ^ 

0'74 

... 2' 2.5 

Crushed limestone ... 

Sulphate of ammonia 

SULPHATE OF POTASH 

... 1,200 lbs. 

... 150 lbs. 1 

... 8,200 lbs. 1 

O' 3 2 1 
... 0’3b 

0'4(i ) 

2-85 ) 

... S-29 

3'62 ' 

Slaked lime 

Nitrate of potash 

... 800 lbs. 

5(t lbs. ; 

‘ o.-n ' 

2-73 

2 26 ) , . . 
2-85 > - 

Slaked lime 

NITRATE OF POTASH 

^00 lbs. f \ 
... 2, .500 lbs. > 1 

... 204 

1 ... o’fn; 

Slaked lime 

Sulphate of ammonia 

Superphosphate ..t 

... -'^OO lbs. 

... 150 Ibf. 

15(Mbs. 1 

3-t)S ) 

... 4'22 

4'70 ) j 

2'.i7 ) 

2 :.(► 

2’83,' 

Crushed limestone 

Sulphate of ammonia 
Superphosphate 

t 

... 1.200 lbs, ^ ; 

150 1b?. ! 
l.'tOlbs. 'i 

i-2U 

... 

Slaked lime ... 

Sulphate of ammonia 
SUPERPHOSPHATE ... 

) 

.'^00 lbs. 

... 15(1 lbs, 

... s, 200 lbs. 

an ) 

... • 4 00 

4'78 ‘ 

P21 ) 

... ili 

4 '30. 

Crushed limestone 

Sulphate of ammonia 

SUPERPHOSPHATE ... 

... l,2tK» lbs, 5 
... 150 lbs. > 

... 8,200 lbs.) 

... 0 ' 9 7 

... 7-i; 


These results show how very greatly the soil varies from 
plot to plot. The variation usually depends upon the depth 
of surface soil. 
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Where a low spot has been raised by dragging surface soil 
over it, fertility is increased. 

Where a deeper hole has been tilled up with subsoil, ferti- 
lity is decreased. 

Where a high place has been levelled by throwing surface 
soil from it, fertility is decreased. 

Infertility of the subsoil is a marked characteristic of Bor* 
bhetta soil, and the surface soil averages about 6" only, the depth 
reached by the roots of the grass jungle. 

With phosphatic manures the good effect is always great 
enough to show an increase over the best unmanured plot, 
although the manure may have been applied to a plot originally 
the worst of the series. It appears probable that the phosphate 
acts by removing the cause of the infertility and not by merely 
supplying plant-food. That superphosphate in 1918 gave a 
large increase of crop on Leesli River soil containing total 
phosphoric acid 0'2o% and available phosphoric acid 0'QS% 
(quantities largely in excess of the food re{pnrement of any 
plant) indicate that here the effect must be due to some secon- 
dary action. 

Similarly it is possible that the bad effects |)roduced bv 
very large doses of potash salts may be due to liberation from 
the soil of increased quantities of the toxic substance rather 
than to actual concentration of potash salt in the soil. 

The intensity of both the bad effects of large doses of 
potash, and of the good effect of superphosjihate, varied greatly 
on different soils ; and on one soil (Gatoonga) the good effect 
of superphosphate was very slight, while the large dose of 
potash gave no bad effect but an actual increase in crop. 

If it can be shown that the original infertility is due to 
soluble compounds of aluminium or iron, the above results can 
be explained. 

Experiments now in progress in the laboratory may throw 
some light on the subject. 
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On such patchy soil it is clear that results from one or two 
plots only will not yield averages sufficiently accurate to justify 
any dependence on the amount of the effect of any manure ; 
but the direction of the effect of each particular manure can be 
seen and is discussed separately below. 

Effect of Lime : — 

Crop in tons per acre. 


1918. 

1919. 

Average of slaked lime plots ... 2 ’25 

2-36 

Crushed limestone plot ... 2T8 

2*27 

Average of check plots ... 2 ’So 

T63 


The use of slaked lime or crushed limestone resulted in a 
decrease in crop in the first year. The decrease in crop from 
the use of crushed limestone appears to be less than from slaked 
lime. There was, however, only a single plot treated with crush- 
ed limestone alone, and this was next to a check plot yielding 
3T2 tons in the first year, so that it is probable that the bad 
effect of slaked lime and crushed limestone were about equal. 

The application of lime in any form produces a profound 
modification in the bacterial population of the soil which often 
leads to an initial lowering of fertility. Chemical changes lead- 
ing to a preliminary lowering of fertility may also occur. 

Since the seed was sown immediately after the application 
of lime, this initial lowering of fertility would be ex[)ected to 
show up strongly. 

By the second year these limed plots had so much improved 
that an increase in crop over the check plots was obtained. 

Since all three plots give results in the same direction we 
may accept it as a fact that at Borbhetta the soil needs liming, 
but that there will be an initial lowering ol fertility immediately 
after application. 

Such ail effect has frequently been observed with tea, parti- 
cularly on soils containing much silt, many of which occur in 
the Jorehat district, 



52 EXPERIMENTS ON MANURING OF GREEN CROPS. 


In these experiments crushed limestone h: 
slaked lime as is shown in tjiie following table 

as done better than 

1 

Average total crop (tons per acre) 

Other Mt*n lire. j 

1 

obtained in 

two years : 


■— 

— , 

1 

with slaked lime, | 

with crushed limestone. 

Ml... ... ... S 

l’G2 

.V08 

Sulphate of ammonia ... ! 


tvt;2 

Sulphate of ammonia j 


1 

Sulphate of [totash ... ; 

(large dressing) 



Sulphate of ammonia ! 



Superphosphate ... ; 

(large dressing) 

s ■ '1 

llo7 

Sulphate of ammonia j 



Superphosphate ... j 

I'M 

Nil 

(small dressing) 1 




The comparison is based only on single plots or in some 
cases tu'o plots, and tlie results must therefore he accepted with 
a certain amount of reserve. However since all the diffcrenceB 
tend ill the same direction, it is probable that crushed limestone 
does suit this soil better than slaked lime. 

Efect of yitrogen : — While any plant hoed into the soil 
would increase the content of organic matter, we choose a legu- 
minous plant as green manure because it is able to obtain its 
nitrogen from the atmosphere, and thus provide the soil, free of 
cost to us, with an amount of nitrogen which uould have cost 
an average per acre of about Rs. 20 or more at present prices. 

In a soil ricii in available nitrogen a leguminous plant take.s 
a greater part of its nitrogen reijuirement from the soil and less 
from the air. 

It is, therefore, not sound to use a nitrogenous manure for 
the pur|X)se of growing a green crop, except in those exceptional 
cases where it is absolutely necessary in order to obtain a respect- 
able weight of organic matter. Generally speaking, however, 
mineral manures alone will suffice to grow splendid crops. 
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In the experiments under consideration the sum of the 
increases in crop during the two year% following an application 
of 30 lbs. nitrogen per acre amount to aliout one ton of green 
stuff which gives to the soil about 8 lbs. nitrogen only. The 
value of tlie extra ton of organic matter is difficult to estimate, 
but it is certainly only a very small fraction of the jjrice paid 
for the sulphate of ammonia which produced it. 

That manuring of green crops with nitrogenous manures 
will generally show a similar loss may be taken as a general 
principle, whether the nitrogen is provided as chemical manure, 
oilcake, animal meal, or other such fertilizers. Cattle manure 
ho^vevcr in light dressings is occasional!}' found to give results 
out of all proportion to its mere content of nitrogen and 
phosphoric acid. 


Effect of Potash : — 


MaDurc. 

Mean crop (t( 

ms per acre). 

1018 

1019 

Lime 

sou lbs. ! 



Sulphate of ammonia 

... ... 1 oU lbs, 1 


1 - ' ' 

Lime 

... 80(1 lbs, 



Sulphate of ammonia 

... ... liU) lbs. 

0 24 


Sulphate of potash 

... ... 75 lbs. 

i 

i 

Lime 

8UU lbs. 



Sulphate of ammooia 

... ... 100 lbs. 

1 n-40 

j 2-9:^ 

Sulphate of potash 

... ... 8,1^00 lbs. 



Lime 

... ... 800 lbs. 



Sulphate of ammonia 

... ... 150 lbs. 

2'6G 

2'88 

Nitrate of potash 

... ... .'>0 lbs. 



Lime 

... 80l* lbs. 



Sulphate i>f ammonia 

... ... 150 lbs, 

2’01 

.’>•(14 

Nitrate of potash 

... i>,500 lbs. 



The heavy 

dressing of snlphate of potash depressed the 

yield so iniicli du 

ring the first year that 

it is clear 

that it was 

acting as a plant 

poison. In the second year thh 

? poisonous 


o4 
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effect had disappeared, and an increase over the check plot was 
obtained. 

The small dressing ot potash appears, to have produced a 
slight increase in fertility, but the conditions of the experiment 
•are not sufficiently accurate for tlie effect of only about 16 lbs. 
of potash per acre to be determined with any degree of certainty. 

On this soil normal crops are only obtained if some phos- 
phatic manure is applied. 

Whether potash is useful on this soil or not, would be best 
determined on soil that had been previously treated with a phos- 
phatic manure ; we are therefore uuable to decide this point on 
the results of the experiments under consideration. 

Effect of Phosphoric nc/t/, — As in previous experiments 
phosphoric acid was found to be the main factor in producing a 
good green crop on this soil, and it is clear that no harm from 
addition even of an enormous excess need be feared. 

In the first year the small dressing of 150 lbs. of super- 
phosphate produced a slightly greater effect than 8,200 lbs. It 
is therefore probable that there is no need to apply larger dress- 
ings than 150 lbs. per acre. 

In the second year this small dressing was still showing 
marked residual effects, but the plots which had received the 
very large dressings were producing cro])s very much better still, 
the figures being : — 

O D 


Manuriog. 

1918 

1919 

Lime 

Sulphate of ammonia 

SCO lbs. 
... 150 Ibg. 

3-09 

279 

Lime 

Sulphate of ammonia 
Superphosphate 

... 800 lbs. 

... 150 lbs. 

... 150 lbs. 

V23 

3‘29 

Lime 

Sulphate of ammonia 
Superphosphate 

... 800 lbs. 

... 150 lbs. 

... 8,200 lbs. 

4-05 

.V81 
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It ap|)ears probable that the effect o£ the smaller dressing 
of superphosphate is falling oft*. A further 150 lbs. would in 
all probability have made the yield from these plots equal to that 
produced by the plots which had received the enormous dressing 
the year before. 

H. K. C. 



NOTE ON THE POTASH— PHOSPHATE CONTENT 
OP TEA SEEDLINGS AND LEAVES. 


A set of manuring experiments on tea seedlings is being 
carried out in the Toeklai laboratories, the object of which is to 
determine, if possible, the soil solution most suitable to tea plant 
growth. 

The seedlings are germinated in sand an<l then planted in 
bottles containing pure, acid- washed sand. \\ hen the seedlings 
are established the cotyledons are removed and li<juid manures of 
various strengths are added. After two or three months the 
plants and the unabsorbed manures will be analysed. The perfect 
manurial solution sliould contain its constituents in the same ratio 
after as before the experiment. 

As a preliminary to those observations, the estimations of 
potash and phosphate were made on tea seeds and on a number 
of plants immediately before the addition of nutrient soiution. 
Up to this stage all the food supplied to the plants had come 
from the seeds. It is a justifiable assumption that the food con- 
tained in the seeds is ideal and that the seedlings should contain 
phosphates and potash in idea! (|uantities and in perfect balance 
provided that the moisture content of the sand is kcj^t normal, 

Betjan seeds grown at Toeklai were germinated on 3rd 
December 1919. On loth March 1920, 7o seedlings of height 
2-3 inches were taken from the sand, washed and divided as 
follows : — 


Total weight of seedliDgs 
,, roots 
,, stems 

„ leaves 

cotyledons 


100‘!)2 grains. 
20-55 „ 

23-20 „ 

16-02 „ 
122-15 „ 
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The analyses are given below. Figures refer to percent- 


ages : — 



Seed wiiliont 
shell. 

Cotyledon, l 

1 

1 

Koot. I 

( 

Stern. 

Leaf. 

Moisture 



04 ‘91 

78-12 * 

< 8 'Od 

79-67 

Asli in dry matter 

1 2-82 

255 

5-45 ‘ 

4 52 

7-92 

Phofiptioric acid in ash ... 

1 lG-42 

15 15 

9-35 

12-55 

17-90 

„ ,, in dry matter 

0-38 

0'51 

0-01 

1-41 

Potash in ash 

1 55 '30 

41-99 

29-01 

46-90 

52-70 

„ in dry matter 

i 

1-03 

1-58 

2-27 

4-14 

Katio K'^ 0, P.^ 0-. 

' 3-:iG 

[ 

2-77 

310 

3-73 

2-94 


The high ratio, 0/P^. 0;, =373 in the stein is quite in 


accordance witli the experience that potash manures are helpful 
for groAving wood after the bushes have been cut back. 

The distribution of potash and ])liosphatcs in the young plant 
is shoAvn in the table below : — 


— Ko*>t. Stem. 

i Leaf. 

'^/c Total potash 

28-26 

33-44 

38-30 

^ Total phosphoric acid 

... j 30-21 

28-75 

41-04 


Other interesting ratios are : — 


Katio Ko 0/P^ 0;, in seedling including cotyledons = 

Ratio Kfi O/P^ 0- ill seedling excluding cotyledons ^ 3'03. 
The figures of most interest, on account of the observations 
of the Entomologist (Quarterly Journal, 19117 P* 
those connected with the leaf. Analyses were made by Bainber 
(Cliem. and Agri. of Tea, 1893, App. Ill, p. VII), on leaves 
throughout the year. He obtained the following results : — 




In A 

sh. 


Month, 

^ Ash in 



Uatio K, 0 P_ 0. 

dry leaf. 




potash. 1 

phosphoric 

acid. 


May- 

4-69 

46-06 ! 

16-67 

2-76 

August 

4-58 

31-07 ; 

12-00 

2-50 

November 

5-07 

18-67 1 

10-70 

1 75 

May (old leaves) 

5*14 

14-20 j 

10-64 

1 33 
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As the leaves age, the variation of the ratio 0/P 2 0 ,, will 
be noticed. But flushing , leaves have about the same Ratio 
throughout the season. Thus leaves plucked at Tocklai between 
May and November showed the following variations. The potash 
varied between 53*95 and 44*02^ and phosphates between 14T1 
and 17*48^ of the ash. The maximum ratio K^O/P^O;^ =3*10 
and the minimum = 2*80. The mean ratio for the season was 
2*98. 

It must however be remembered that a ratio of this kind 
loses its significance unless the factors be within certain limits. 
Thus analyses of leaves from gardens subject to mosquito blight 
show low percentages both of phosphate and potash although 
the ratio is frequently the same as that given by leaves of un- 
attacked bushes. In the table below, the analyses of leaves from 
Tocklai, in which district mosquito blight has not, up to the 
present, done any serious damage, may be compared with those 
of leaves from gardens in areas subject to the blight : — 



i 

In Ash. 

Uarden. 

^ Ash in 



leaf. 

^ potash. 

plioaplioric 

acid. 

Tocklai E. S. 

. 6’46 

4 8 00 ■ 

15-82 

Koombbir 

5-15 

JM7 

12-55 

Washabarie 

5-lS 

;n-72 ; 

14-70 

Klienbarie 

. ; 5-25 

i 

24-72 

12-45 


The slightly higher ash content at Tocklai is probably due 
to fine plucking. The figures given for Tocklai are the analyses 
for the season, but those of the other gardens are those at the 
beginning of the season. Koombhir did not sulfer from blight 
and in November the leaves gave a Ratio O/P 2 0^ = 34*12/ 
13-5 showing only a slight change. Washabarie was attacked by 
mosquito, but did not cease plucking. At the end of October 
the leaves gave a ratio 1 K 2 O/P.^ Or, =32*99/13*05. Ellen bar ie, 
which was badly attacked, ceased plucking in August, the leaves 
then showing the ratio O/P^ 0.^ =37 ’6/9*9. 
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These facts all support the theory that the controlling factor 
in mosquito attack is the percentage of phosphoric acid and 
potash, particularly the latter, in the leaf. 


C. K. H. 



NOTES ON THE TREES COMMONLY USED FOR 
SHADE AND GREEN MANURE IN TEA 
CULTURE, AND THEIR ALLIES. 

{Continued.) 


The descriptions given below have been compiled from 
Brandis, Roxburgh and Hooker with the exception of that of 
Albizzia moluccana and Pithecolobhm saman which were com- 
piled from information supplied by the Economic Botanist. 

Perris robusta — Benth. — {See Plate X.) 

Common names used in the tea districts : — It is sometimes 
called Koroi in Assam. 

Description : — A fair sized deciduous tree with leaves 3*6 
inches long made up of 6-18 pairs of leaflets. The leaflets are 
1-2 inches long, opposite with a terminal one. They are oblong 
on one side and elliptic on the other. When young they have 
silver grey hairs on their undersides. Pinkish white flowers are 
produced in clusters in the early rains before the leaves appear. 
The pod is 1-2^ inches long and | inch broad, and contains 1-5 
seeds. It has a characteristic shape with a wing about inch 
wide. 

Distribution : — It is commoa in Assam and the surrounding 

hills. 

General : — Thi.s tree grows best on a sandy soil with a fairly 
high percentage of silt and fine sand. It is not liable to become 
cankered. It gives a light shade and tea does well under it. It 
is planted instead of Sau on a number of gardens in the Jorhat 
district and planters say that it does much better, principally 
because it does not get canker. 

Pithecolobium gamafi — Benth. — (See Plate XL) 

Common names used in the tea districts : — It is called the 
Rain tree. 
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Description .-—An immense rapidly growing tree with wide 
spreading branches. Twigs velvety. Leaves 2-4 pinnate ; leaflets 
oblique, ovate-oblong or almost circular, up to ^ inches long, 
shining above, downy beneath. Peduncle 4—5 inches. Flowerl 
arranged in heads. Calyx i inch pubescent (downy). Corolla 
about i inch, yellowish, silky. Stamens 20, light crimson. Pod 
sessile, straight, thick margined, leathery, fleshy, glabrous, inde- 
hiscent (does not split), 6-8 inches long, i to 1 inch broad, 
flattened or nearly cylindrical. 

bistribution : It is not a native of India, but was introduc- 
ed many years ago apparently from America, where it is .said to 
be common in the warmer regions. 

General .--The tree is much too heavy for use as a shade 
plant in tea. As it is one of the few leguminous trees able to 
grow on ant hills and bustie sites, it is sometimes used for im- 
proving the soil of such area.s. It is an excellent firewood tree. 

The pods contain sugar and are good for cows. 
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The Effect of Drainage on Soil Aoidity.— By S. D. 
Conner, Indiana Agricultural Experiment Station, Lafayette, 
Indiana, published in “ Science ’ ■ N. S. Vol, XL\ I, No. 1186. 

“ For the purpose of studying the effect of drainage on soil 
acidity, samples of soil were taken in October 1916, from three 
of the experiment fields of the Purdue Agricultural Experiment 
Station. These fields are located near Westport, North Vernon 
and Worthington. The soils of these fields are all heavy silt 
loam, very low in organic matter and naturally poorly drained 
and quite acid in reaction. Ail of these fields have been 
thoroughly tile drained from three to five years. A portion of 
the Westport field is undrained and there are adjacent undrained, 
untreated areas alongside the North Vernon and the Worthington 
fields. 

Table L 

Relaiwe acidity of drained and undrained i^oih. 


Lbs. CaGO;,* needed 


Field and Soil Treatment. 

per ^,U00,00U lbs, .Soil. 

Drained. 

1 

Un drained. 

Westport Field — 

1 


Limestone 

4U { 

780 

Limestone, phosphate and potash ... 

ao 

360 

Gntreated ... ... 

880 

1,280 

North Verkon Field — 



Untreated ... 

i 

1,880 

; 2,840 

Worthington Field — 

i 


Untreated 

740 

l,80o 

Table I shows the acidity of the soils as determined by 


the potassium nitrate method. Without entering into a dia- 


Carbonate of lime {e.g,^ limestone). 
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ciission of the merits of different soil acidity methods, it may be 
said that on these soils, which are lo^\ in organic matter, there 
is no great difference in the degree of acidity shown by this 
method and lime Avater and calcium salt methods. These results 
are consiiitent enough to indicate that drainage has a material 
influence on the acidity of soil of this type. 

Farmers often refer to wet, poorly drained land as sour. 
While agricultural writers have placed little or no emphasis on 
such a correlation, it is quite probable that soils in general will 
tend to become less acid when thoroughly drained, and rire 
versa ^ they will tend to become more acid \vheu waterlogged 
and poorly aerated. In testing soil acidity at different seasons of 
the year the results often vary (jiiite a little in samples from the 
same plots of soil. These differences cannot be attributed altogether 
to errors in sampling. The writer }.>elieves that at least part of 
the change of acidity is due to difference in aeration and 
moisture content of the soil at different seasons. Lipmaii and 
Waynick, in an investigation of tlie effect of climate on soil 
properties, report that Aiaryland soil, which shoAvs an acid 
reaction in its original location, when tran8jx>L'ted to Kansas 
or to California becomes neutral or slightly alkaline. It is 
quite ])roijable that the better drainage and aeration of the soil 
Avhen placed under less humid conditions could account verv 
largely for the changes in reaction. 

Considering silica an acid-forjning oxitle, practically all 
[soils except those very high in the basic reacting elements, have a 
|)Oteutially great capacity for developing an acid reaction. 

The writer believes that the constitution of the silicates of 
aluminium has more to do Avith injurious soil acidity than any 
other single factor. The acidity of aluminium silicates varies 
both Avith the relative pro]x)rtion of Silica to Alumina and Avith 
tlie amount of combined water in the silicate. The weathering 
and changing of soil silicates under poorly drained or Avell- 
drained conditions would undoubtedly vary the constitution 
of the silicates and also vary the degree of soil acidity. It is 
quite true that certain types of AvelFdrained sandy soils are 
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acid. It is true also that a number of other factors besides 
drainage conditions affect spil acidity, but it is probable that 
the most acid soils are formed in poorly drained areas.” 

The above is entirely in agreement with observations made 
by officers of this Department. 

The connection between waterlogging and soil acidity is 
often very noticeable in the tea districts. 

While it is true that agricultural writers generally have 
placed little or no emphasis on such a' correlation, it has been 
referred to frequently by this Department both in private reports 
and in published general notes. (See Quarterly Journal, 11)19, 
page llo (Terai) ; Quarterly Journal, 1919, page lo7 Qast para.) ; 
Quarterly Jourjial, 1920, page 15 (top of page). 


Relation of certain aluminium compounds in soil to soil 
acidity.— Frank E. Kice (J. Phys. Chem., 191(), 20, 214-227) 
states : — 

“When a soil is shaken with a neutral salt solution, the 
metal part of the salt is removed by tlie soil and other bases 
are given up to the solution in exchange. The extracts are 
generally acid and there is much uncertainty as to whether this 
acidity is due to the absorption by the soil of excess of base, 
leaving an equivalent quantity of acid in solution, or to the 
presence of a hydrolysed salt. 

Soils were shaken with potassium nitrate solution and the 
tiltrates were examined. Calcium and magnesium were always 
found in solution ; aluminium in the more acid extracts ; manga- 
nese sometimes but iron never. An examination of tlie nitrates of 
calcium, magesium, aluminium, and manganese showed that only 
aluminium nitrate behaved like the soil extract in being strongly 
acid. The conclusion is drawn that the acidity of the extract 
ie due to the presence of a hydrolysed aluminium salt. 

The infertility of acid soils is probably due to the presence 
of loose combinations of the weaker bases, such as alumina, and 
not to the presence of true acid liydrogen.” 
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These observations agree with those made at Borbhetta. 

This is a possible explanation of the fact that the addition 
of a further quantity of strong acid, in the form of superphos- 
phate, to an acid soil, increases the fertility. The function of 
the superphosphate is probably to render insoluble some of the 
aluminium compounds. 

(See current issue Quarterly Journal, pp. 50 & 51.) 
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ADDRESS ON THE CONTROL OF THE MOSQUITO 
RLIGHT OF TEA. {fl ELO'PEf/TIS TIIEIVORA 
WATERH.) GIVEN BY THE ENTOMOLOGIST 
BEFORE THE COMMITTEE OF THE INDIAN TEA 
ASSOCIATION, ^LONDON). 


You will ere this have seen a copy of Part IV of the Quar- 
terly Journal of the Scientific D(‘|):nTtncnt for 1011), in which I 
have published a short note on the ]>resent state of the Mosquito 
Bli^^’ht enquiry, which, to some extent, aiiticijcitcs what I have 
to say to yon to-day. 1 shall not, therefure, confine myself, as 
I at lirst intended, to o-ivino' you a short summary of tlie results 
achieved alony the lines whicli appear to me to he tiic most 
promisini( from the jrant of vuov of c imjhcte conrrol, but shall 
endeavour to <^'ive you as complete an idea as ] passible in the 
short space (.)f time at my (lis])o^al of the nature of the problem 
we arc endeavouring' to sol\-e. of the methods wliich have been 
followed in its investigation, and the jiroLi'ivss which has been 
matle towards it> solution. 

First, a few general remarks on tin* qiiestir.n df insect control, 
as applied to a proidcin of t]u> tiatur^u have an insect feeding 
on a plant, sitnatia] in a gis'en cnvirMiimeiit. There are thus 
three facUn'.- — the in^rct, the ])lant. the ciix-iroiiimait. the mutual 
reactions of which cnlminato in a lasnlt which we estimate hy 
the amount of damage <ione to the ])lant. N<nv the environment 
reacts both on the insert and the plant. Cluniges in tlje char- 
acteristics of the environment produce diango in the vitality of 
both the insect and the plant, tlu>e change^ bring most notice- 
able in rxtrcnu' '’aso. w here t!i(‘ insect <»r plant Is found, in the 
one case, lo Ihiuri^h, in the dllmr t ao\ t^’ tiiu. The convrr-e 
reactions of the insect and plant on their environ meat, so lar a> 
we know at present, are so small as to be negligible, Again, 
tlu^ insect reacts oti the plant, us we kmnv by the loss of crop 
produced, and the plant reacts on the insect, for it is the source 
of the most imj^ortant of all the factors controlling the vitality 
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of the insect, namely, its food supply. We can then represent 
the condition of affairs diagrammatically, thus : — 

ENVIRONMENf>^ 

INSECT PtANT 

the arrows indicating tlie direction in which the reactions can 
proceed. Four arrows are shown on the diagram, indicating the 
four reactions, and one of the arrows, indicating the reaction 
of the insect on the plant, has been made much thicker than the 
other three. This is the reaction which it is our ultimate endea- 
vour to control. How is this to be done ? 

The most obvious method of controlling this reaction is the 
direct destruction of the insect Were this as simple as it is 
obvious, the problem would have been solved long ago ! There 
is another method, however, not nearly as obvious, but vastly 
more promising, it is a matter of common experience, in the 
case of Mosquito Blight, that neighbouring areas are affected 
to a different degree by the pest, and that in many cases such 
areas may be of very small extent and quite close together, 
so much so that a few bushes in a section mav be flush in f** 

•> D 

strongly, while the rest of the section is almost shut up; 
or a few bushes may be shut up while the rest of tlie section 
is practically unaffected. This will occur even when no con- 
trol measures of any kind are attempted. In such instances 
environmental conditions would appear to be exactly similar 
in the two places, the reaction of the environment on the 
insect would be the same in both cases, the reactions of the 
environment on the jffants would likewise be similar, and, as a 
consequence, the reaction of the plants on the insects would also 
be similar. These combinations of similar reactions result, on 
the one hand, in comparative immunity from attack and, on the 
other hand, in a considerable amount of damage, which ia 
absurd, for it is a natural law that a combination of exactly 
similar circumstances will always produce the same results. If 
we refer again to our diagram we see that the environment acts 
on the insect in two wavs, first, directly ; secondly, indirectly, 
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through the plant Now the insect is a separate entity, complete 
in itself, capable of movement from one place to another. 
It is hardly conceivable that the direct influence of the environ- 
ment on the insect would show material differences at two 
places so close together. The plant, however, is not a separate 
entity. Its existence is indissolubly bound up with the soil in 
which it is situated. Its reactions to environmental conditions 
are the sum total of the direct action of those conditions on the 
])laut and the indirect action of those conditions brought about 
by its intimate connection with the surrounding soil. The soil 
is far from being homogeneous, and we know, of course, from 
the results of many observations, that different soils, and closely 
adjacent jiatches of similar soil, may (liffer considerably in chem- 
ical composition, mechanical constitution, and physical comlition 
at any particular time. Olwiously, the reactions of a similar 
combination of environmental conditions on two plants may 
differ according as their indirect action on the plant through the 
soil is modified by the nature and condition of the soil itself. 
This l)rings us to our second method of a]:)]>roachimr the proldem 
of control, which consists in the study of the conditions under 
which the plants succumb to, and resist, the attacks of the pest 
in nature, and of the methods l)y wliich tlie combination of 
conditions under which resistance to attack is found to obtain 
can be brought about in practice. 

The problem of ^Mosquito Blight has, then, been approacliod 
from two different standpoints — first, the study of methods of 
destroying the insect directly, second, tlie investigation of the 
conditions under which the tea bushes resist and succumb to 
attacks and of the means whereby tliese sets of conditions are 
caused to exist. 

First, the direct destruction of the insect. This might 
conceivably be brought about by either natural or artificial means 
of control. Natural means consist in the disco very and intro- 
duction of parasites and predators which, l)v feeding on the in sect, 
will affect a diminution in its numbers. Artificial means consist 
in attempts to destroy the insect by collection in the various 
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stages, by mechanical means such as light traps, attractive baits, 
etc,, or by the use of insecticides in the form of sprays or gases. 

Several natural eucmies of Udopeltis are known. Certain 
species of the praying nianti s, certoin ^rec ^ eous grassh oppers, 
spiders, some predaceous bugs, will all feed on the tea mosquito, 
and at cerhurTTunerdw^n^ have been observed to 

follow the pluckcrs aiul catch tJie insects as tlioy lien’ from the 
disturbed bushes. None of these feed solely on the mosquito, 
all are universally distributed thronghont the tea districts, none 
flourish to a greater extent on gardens which offer an abundant 
supply of food in the shape of tea mosquitos than on gardens 
where the tea mosquito is not to be found. Two parasites 
have been observed. The more important of these is a 
Mermithid worm, the young stage of \vliich is found in the 
bodies of tea mos([iiitos durlug the llrst half of the season. 
Parasitism by this worm allows the in>ect, in most ca>es, to reach 
maturity, but effectively destroys its ])owers of re[U’oduetion. 
This worm is already distributed tlirougliout tlie tea districts and 
nowhere parasitises more than i per cent, of the insects caught, 
and has the furtlier disadvantage that it, or some closely allied 
species, likewise parasitises a species of spider which feeds on tea 
mosquito. The other parasite is a small parasitic insect somewhat 
related to the ichneumons, and only one case of this has ever 
been noticed. It may be that in China and Japan, where damage 
by Uelopelih< never seems to l.)e rcjjorted, timre is a parasite 
■^vhich effectually keeps the insects down and wliieh might be 
successfully im])or[C(l, but tlie indigunious ])arasites arc not at all 
hopeful. 

Before discussing artificial inetliods of control, it is advis- 
able that M’G should consider the salient points iu the life history 
and bionomics of the insect, as, without a knowledge of this, it 
is impossible to realise the difficulties in the way of cojitrol by 
aitificial means, hirst, the tea mosqulio, us it has unfortunately 
been named, is not a mosquito at all, but a true {Tint bug. It 
is important to remember this, as the iion-rccoguition of this 
fact sets us wrong at the very outset. Methods of control 
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which are often advocated for the destruction of mosquito larva^ 
are not applicable to the so-called mosquito blight of tea. The 
larva of the doineBtie mosquito is a wriggling worni-Iike grub, 
which lives in water; the larva of the tea mos(|uito is an insect, 
closely resembling the adult in all save the [)oss:ession of wino-s, 
which spends its existence on the tea-plant, and never goes near 
water at all. Tlie life cycle of Ilelojielfis is as follows The 
eggs are laid in the green stem, in the midrib of the leaves, and 
ill the leaf-buds of the plant, and are entirely concealed within, 
and protected by, the plant tissues. During the cold weather 
the eggs appear to be laid mainly at the base of the unopened 
buds which are to be found on the branches, and near the base 
of the midrib of the older leaves. At the begiiuiiii:: of the 
season the green stems of tlie young shoots which come aivav 
inside the bush are the spots mostly favoured, tliough the enn's 
can also be found in the young >hoots at the top of the bush. 
Later, a large proportion of eggs are found in the Hush, and at 
the height of the season eggs are being laid in the young flush 
and in the broken cuds of shoots from which the leaf has been 
plucked. The time of hatching varies from tliree to four 
weeks in the cold weather to six days in the height of the season. 
The young mosquito hatches from tlie egg as an active insect, 
provided with a perfect sucking jiroboscis, and capable of feeding 
on the young shoots. In this stage it is characterised bv bavin ir 
long liairs scattered over its body, aiid there is no trace of either 
the spine which is to be found on the back in the older stages, or 
of the wings. After a day or two tlie insect moults, and the spine 
on tlie back appears, while the long hairs have disappeared. There 
is as yet no trace of the wings, whicli flrst appear at the next 
moult, and the young insect moults again three times after that, 
the wings and spine becoming more strongly develo|>ed at each 
moult, and after the liftli moult the insect emerges in the adult 
winged condition. During the whole of the time sjient in the 
young stages, which may occupy a ])oriod vai’} ing from a month 
or more in the cold weather to a week or ton days at the height 
of the season in July, the insect feeds voracioush' on the tea, 
but does not reproduce its kind. Reprodiictiou takes place only 
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in the adult stages, and the female may live for two months or 
more, and may lay as many as 500 eggs, singly or in pairs, and 
scattered over a considerable area. 

In the case of many insects, for example, the tea looper, 
there are a definite number of broods per year, and it is possible 
to state definitely that, say, the second brood of the insect will 
be in a certain stage at a certain time of year. In the case of 
the tea mosquito this is not so, for one might expect to find it, 
and one does find it, in all stages at any time of year. This 
state of affairs is caused by the fact that the period during which 
the female will live and lay eggs is longer than the period of 
time necessary for the eggs to hatch and the insects from them 
to become adult, and I have endeavoured in the accompanying 
diagram to show how this comes about. I have supposed that an 
adult female tea mosquito commences to lay eggs on the first of 
April. She will then continue to lay eggs for two months, that 
is, to the end of May. The first-laid eggs, deposited in April, 
will hatch out in nine or ten days, while those deposited in 
May will hatch out in six to seven days. Young insects, from 
eggs laid by this female, will therefore be emerging between the 
9th of April and the 6th of June. The first insects to hatcli, 
which emerge in April, will take twelve days to attain maturity, 
while those which hatched latest, in June, will become mature 
in about nine days. Insects from the eggs laid l>y this female 
will then be attaining maturity between, say, the 21st of Ajwii 
and the 15th of June. Now, these can begin to lay eggs two 
days after attaining maturity, and may continue to do so for two 
months, so that the first eggs laid will be deposited on about the 
23rd of April, while the females which last emerge may continue 
to lay eggs until the middle of August. Thus the eggs which 
will give birth to the second generation (or brood) are being 
deposited between the 23rd of April and the IGth of August, and, 
by following a process of reasoning similar to that followed in 
connection with the first generation, we find that young forms 
will be present between the 2nd of May and the 3rd of Septem- 
ber, and that adults will emerge between the 14th of May and the 
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3rd of September, and that the eggs which are to give rise to the 
third generation will be deposited between the 16th of May and 
about the 5th of November, Following through in a similar 
manner with the next two generations, we find that, by the time 
the fourth generation has been attained, egg-laying, by indivi- 
duals of that generation alone, will be going on the whloe year 
through. In the meantime, it will be noticed that certain indi- 
viduals of the second generation are in existence contemporane- 
ously with individuals of tlie first generation, and that indivi- 
duals of the third and fourth generations also will appear before 
the first generation has died out. And so it goes on throughout 
the season — beginnings of successive generations continue to 
appear at intervals of a month or less, less than three weeks, 
indeed, during the height of the season; and we find that by 
August we may have individuals of seven generations present in 
different stages at the same time. Also, we see that while four 
generations will curry the insect through the year it may, in the 
same period, reproduce itself to the fourteenth generation. 

I have gone into this in some detail, as it has an im]K)rtant 
bearing on the question of artificial control. From what I have 
said, it will be seen that we have to deal, at one and the same 
time, with egg, young, and adult stages of several generations, 
some of which are the result of rapid reproduction, some of which 
are the result of slow re])roduction, with corresponding differ- 
ences in vitality. There are no specific ])eriods during the season 
at which all the insects are in the egg, larval, or adult stages and 
at which the application of ovicides, larvicides, or insecticides 
can be recommended with confidence. If the adults could be 
attracted lo light, or to attractive bait, over an extended period, 
good might be expected to accrue, but all experiments in this 
direction have given negative results. No ovicide is known 
which will kill the eggs without damaging the young shoots, 
but it is possible in the cold weather, after stick pruning, to 
destroy most of the eggs (perfect application would destroy all) 
which are present in the buds on the bushes by the appliaitioii 
of an alkali wusli. Here we arc faced by the difficulty that, if 
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this be done on high pruned tea, it receives a slight check and 
comes away later, as all the buds are of course killed; and, unless 
the treatment be carried out thoroughly over the whole garden, 
and on an}^ adjacent gardens, insects from other places will get 
into the tea soon enough to cause appreciable damage to the 
bushes. 

Spraying with insecticides to kill the insects is of value 
wdierc the attack is confined to a small area, if the treatment is 
commenced early in the season, and if the work be carried out 
efficiently and repeatedly. The majority of insects killed by 
such spraying are the young forms. These, when the bush is 
disturbed, run down the branches and take shelter at the base of 
the leaf stalks. If the bush be thoroughly soaked, the iusecti* 
cide runs down the branches and collects in drops at those 
places, so that the young insects are immersed in a globule of 
liquid, from which they cannot readily escape, and are killed. 
For this sort of work, lime-sulphur is an efficient spray, and we 
find in practice that numbers of the adults are also killed by it. 
Many, however, escape the spray, and the work must be done 
several times. Spraying of this nature, carried out repeatedly 
during the season on a plot of acres, kept the pest in hand, 

but by no means eradicated it. There are always the 
which are not affected by such treatment, and a few insects 
always escape to carry on. Early in the season, it is possible 
to notice when the young forms are emerging in greater num- 
bers by examining the catches brougdit in by the children, and to 
apply the spray fluid at those times. Very soon, however, this 
guide fails, and recourse must be had to applications repeated 
at least once a week. One very disheartening feature of spray- 
ing is that whereas, in a year when the pest is not so bad as 
usual, comparative success may be attained, the same treatment, 
carried out in a year when the pest is more serious, may seem 
to be almost without result. Spraying on a large scale, where 
hundreds of acres are affected, is at present impracticable. As 
will readily be understood from the account of the life history 
of the insect which has been given, any spray fluid which is to 
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be completely successful in one application must kill the eggs, 
the joung and the adults. Ihe substance must, from the nature 
of the insect, be a contact insecticide, which will kill the insect 
only when applied to it. Since the insects are active, the insecti- 
cide must be sufficiently poiverful to act quickly, yet it must 
be innocuous to the young foliage. The bu.shes must bo thor- 
oughly soaked, jet the ground must be co\ered rapidly. This 
necessitates a consideiable outlay on machines, a considerable 
number of people, and thorough supervision, and at a time 
when all the available labour is required for the routine opera- 
tions of the garden. It is conceivable that these difficulties 
might be overcome, but, in the absence of a perfect .spray fluid, 
one is not ju.^tified in advocating the ex|ienditure of labour, 
time and money which would be necessary for treating hir'm 
aieas. Certain s|)ray' fluids, notably those containing safrol ami 
pyrethum as their principal ingredients, are excellent insecti- 
cides, but their cost is out of all projiortion to their value, more 
especially since they will not kill tlie eggs, and more than one 
application, with an interval of not nioi-e than a week between 
each, is necessary. 

Fumig’atioti seems to offer more seope tlian spraviiijr, This 
was tried with fumes of sul pilin’, hut the erratic behaviour of 
the wind at that time of year militated airainst the success of 
the experiment, and the deleterious effect of the vapours on the 
foliage was a distinct drawback. It is reported that this treat* 
mciit hiis latolj been cairied out \vitli some success ou a lew 
gardens where mosijuito blight is not particularly severe bv 
taking advantage of the evening breezes. We j)ro]iose to tr\- 
some of the lately -discoveied poisonous irases at an earlv 
opportunity. 

\\c now turn to the possibility of controlling mosiiuito 
blight indirectly by treatment of the plants. This is a method of 
approaching the problem which docs not n]>pcnr to have received 
serious consideration before, but it is, I think, an ein|uir\' which 
promises to afford a more reliable and practicable means of 
control than attempts to compass the direct destruction of the 
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insects. Much of what I shall have to say in this connection has 
been anticipated by the appearance of the fourth ]mrt of the 
Quarterly Journal of the Pepartmejit for 19] 9, in which a short 
account of the ^yovk has been given. It u-fil be remembered 
tViat, \n ttie early portion oi t\i\s paper, reference was nrade to 
the fact that the bushes can show resistance to the attack of the 
pest and that a consideration of the factors involved seemed to 
suggest that the nature of the soil surrouiidings might have 
something to do with the UabiUty or otherwise of the bushes 
to attack. This line of enquiry has been followed u]) during 
the last few years. The lirst step taken was a general survey 
of the gardens in the diftorctit districts, an enquiry into their 
liability or otherwise to attack, and an examination into the 
characteristics of the soils, with a view to asccroiining whether 
any particular feature in the soils could be correlated with the 
distribution of tlie pest. Such was found to be tlie case, and 
it was discovered tliat, where the ratio of ai ail able pc)tasb to 
available phosphoric acid is low, there is a greater liability to 
attack than where this ratio is high. Details of tliesc differences 
are given in mi’ paper, from ivhich I \\ ill now ((uote : — 

“The soils in the Duars can be separated into four main 
types, though there arc of course intermediate varieties : — 

(1) The Dam Dim type, a light sandy loam falling into 

the rli\ isioii 1, G aniens on this tyi^e of soil 
are exceedingly liable to suffer from attack. 

(2) The Dina Toorsa t} pc, a heavier loam falling into the 

division 1, 2. Gardens on this soil also get 
blight. 

(3) The Ked Bank ty])e, a clay soil falling into the divi- 

sion 4, 1, on wliicli many gardens liai’e remained 
free from attack for years, although surrounded by 
blighted gartlcms, and on which, in some places, 
Uchpelik is boginning to obtain a foothold. 


See ‘‘Suggeati'oD.s fur Manurial Treatniont of Toa Soils ” by Hopfl and CarpenUr, 
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(4) The Hantapara Plateau type, a heavy loam falling 
typically into tlio 4, 2 division, and on which 
mosquito blight is iioav very serious. 

The foUo^v'nlg table shr>^Ys the relationships between the 
types, the figures given being the avernge figures obtained from 
the examination of a large number of soil analyses 


I 


Soil Type, 


Dsm Dim Type ... e-aTT'/ 

O'leTy, 

o-nioj^ 

0-044 /-^ '2Vc 

36^/ 

0-340 

Dina^Toorsia Type.,. 

I'l-lTe/r 

0 018^/ 

0-0:j3Vc : 

31 ya 

: 0-487 

i 

Red Bank Typo ...| e 

o-inoj/ 


o-nu?^ 2^ 

143/ 

M14 

Hantapara Plateau 



1 

! 


Type ... 0-444 ->^ 

O240>< 

0-011?-; 

0-063?^ ^ 2?; 

26/ I 

0-195 



° I'ercenta^e availability means tbe percentage of the total amount which is present 
in an available form. 

f These figure.^ are for one soil only, Tl)ere are no ligtjres for total potash avail- 
able for the othera. 


From these figures it will l;e seen that the relationships 
between the availahle |)otash/av:nlal)le phosjhoric acid ratios 
referred to abuse are found to exist, e\'en after the examination 
of a large number of soil analyses. Further, it mav be seen that 
in tlic Red Ihuik Soils tiiere is a iniu'h smalh-r ju'oportion of the 
total jfiusphorie acid present in a readily a\ adahle form, and that 
the percentage availability of tlie potash is about the same in all 
four tyj>es. In certain parts (d (he Red ihmk. howe^’er, gardens 
are beginning to suflVr seriously from mosciuito-blight, notably 
in the Nagrakata district. A e(unparison of the figures obtained 
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in this district with tho^^e for the remaining typical Red Bank 
Soils is interesting : — 




1 

Soil Type. 

Total Potash. 

Total Phoephoric Acid. 

Available Potash. 

Available Phosphoric Acid. 

Percentage availability of 
l^otash. 

Percentage availability of 
Phosphoric Acid. 

Available Potash, 

Uatio 

Available Phosphoric 
Acid. 

Ked Bank Type ... 
Nagrakata Type ...j 

0*697/. 

0*560/ 

0*100/ i 

i 

0*147/ ; 

0*015/ 0014/ 

0-019/ , 0*028/ 

2/ 

3/ 

14/ 

18/ 

1114 

0-785 


Another comparison can be made between analyses of Red 
Bank Soil made by Di\ Mann at a time when there was no 
mosquito-blight on the garden, and the analysis of a sample of 
soil taken from an area on the same garden which now suffers 
from mosquito- blight. 


Soil Type 

< 

V 

U 

O 

^ § 

■ £ 

H H I 

Dr. Mann’s j 

0*82/ 0 09/ 

analyses j 

0*84/ 0*06/ 

Kecent analysis 

0-774/ : 0-081/ 

! 



> > 

< < 


0*029/ 

0-009/ : 

3/ 

10/ 

3 222 

0*019/ 

0*019/ ^ 

2/ 

16/ 

1 

2-111 

0*007/ 

0*008/ : 

1/ 

1 10/ 1 

0 875 


There has been a loss in mineral constituents, and the 
balance between the two has been entirely upset, bringing about 
an approximation to grey loam conditions as regards the potasli/ 
phosphoric acid ratio, as in the case of the Nagrakata soils. 

Turning now to Cachar soils, it is possible to divide them 
into teela, flat, and bheel soils. There is not as yet, however, 
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sufficient material to hand to enable one to work out the mecha- 
nical types, and the mech-anical analyses available in any cnse 
show considerable variation within the limits of one class. It 
has, however, been possible to group together a large number of 
analyses from gardens which, though on widely different types 
of soils, fall into three classes, ri: .— (1) those which remain 
free from blight, (2) those which get it badly at times, and 
remain comparatively free at other times, and (3) those which 
are always attacked. 



H 


(1) 

... 0 440yr 

0 ; 0 020^ 


fi /r ; 2 000 

(2) 

... 0-18S^/ 

O-'. 1 0 003 /r 

0'003j 

1^1 

tiVc . 1 -000 

(3) 

... *0000 

0-115^ 

0 020^ 

1 

25 0-34.3 


0 

Only one figure available. 



Here, 

again, wo 

see the same 

diffen 

['iices—an extremely 

low value for the availa 

ble potasii/available 

phosphoric acid ratio 

in the soils 

of bliglited 

gardens, and i 

1 high 

percent 

age availahi- 

o 

o 

s]>hcric acid. 

Group (2) r 

gain c< 

:cupA’ an 

intermediate 

})Osition, and although 

1 at hrst sight ilie ] 

xrcentag 

e availability 

of phosphci 

ric acid a})pc 

'ars to be low, 

this is 

due to 

the poverty 


of the soils, and when compared witii the percentage availability 
of the potash the ratio can be s(en to be o to 1, as compared 
with to I In (1) and 8 to 1 in (3). dhus, in the two dis- 
tricts where mcsqnito-blight is always severe, differences in the 
severity of attack can be ccu’relatcd witli differences in the chem- 
ical com]X)sition of the soil, as above described. 

The question then arises as to how differences in the chemi- 
cal composition of the soil can affect the insect. !No living thing 
can flourish in the absence of an abundant and suitable food 
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supply. The bush has to depend on the soil for nourishment, 
the insect relies on the bush. The character of the nourishmeDt 
afforded to the insect by the bush will depend on the nature of 
the soil. An attempt was made to ascertain whether the feeding 
habits of the insect Avere at all connected Avith the potash/phoB- 
phoric acid ratio. Leaf Avas plucked from three gardens 
throughout the season. On one garden the tea Avas shut up by 
the end of August, on another the pest was serious, but the tea 
never quite shut up, Avhile the third remained ])ractically free 
from the pest. The diagram shoAvs the curves obtained for the 
ratio of potash to phosphoric acid in the leaf from the three 
gardens. The thick curve, A, is that for the garden first men- 
tioned, the thin curve, B, that for the second garden, and the 
dotted curve that for the third garden. It can be seen that in the 
case of the garden Avhich remained unblighted the ratio of potash 
to phosphoric acid remained fairly constant throughout the 
season. In the other tAvo gardens, as the percentage of punc- 
tured leaves plucked from the tea became greater, the ratio of 
potash to phosphoric acid increased, shoAving the greatest rise in 
the garden Avhich shut up completely. Thus the relationship 
betAveen the insect and the bush is in some way connected with 
the potash and phosphoric acid in the leaf, Avhilc the distribution 
of the pest can be correlated with differences in the relation of 
these substances to each other in the soil. 

The question now arises as to whether these relationships 
are due to a more or less accidental preference of the insect for 
a certain type of bush, or to the fact that the pest cannot flourish 
to any extent on bushes of a certain character. From general 
observations the latter supposition seemed the more probable 
as otherAvise the factor of “jat” of bush might be expected to 
have more effect, but experiments were tried, by keeping speci- 
mens of Uelopeltk under observation and feeding them on leaves 
taken from bushes Avhich showed liability to attack in the 
case, resistance to attack in the other. It Avas found that "the 
insect flourished in the former case, and did much damage to the 
shoots, while in the latter case they did little or no damage to the 
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shoots, bocaiTie listless, aud soon died. Not only so, but it was 
found that insects which had become listless and had ceased to 
feed on the leaf from resistant bushes, could be brought round 
again by giving thein leaf from bushes which iiad been seriously 
affected in the field, aud that they would feed ravenously, and 
soon regain their former vigour. This showed that the insects 
did not flourish on bushes which resist attack, and points to the 
fact that bushes can attain a condition in which mos([uito-blight 
cannot flourish on them. 

The next thing was to endeavour to ascertain whether 
bushes in the field could be brought into a condition in which 
they would resist attack. T'he first stc]) taken ^vas the obvious 
one of adding potash manures to the soil and recording the 
differences in intensity of attack produced. Tiie first experiment 
gave hopeful results, and a small dressing- of sulphate of potash 
applied somewhat late in the season produced a distinct diminu- 
tion in the intensity of attack. Further experiments were 
carried out on a more extensive scale on soils of different tvpes, 
and results were not obtained in all cases. \\ here results were 
obtained, it was found that small dressings at frequent intervals 
gave the best results on light soils, while comparatively heavy 
dressings only gave a temporary effect on heavy soils, and small 
dressings had no effect. It struck the writer, from his observa- 
tions and certain results published by other investigators, that 
when potash manures are added to the soil a certain ]n'o portion 
might be fixed and rendered non -available, this ju’oportion being 
perhaps controlled by the percentage availability of the ]X)tash in 
the soil itself. The next ste]i was therefore an ex[)eriment 
carried out on a garden where potash manures had shown little 
or no result, and consisted in giving an enormous dressing of 
potash to the soil, so as to allow of a distinct increase being made 
in the available potash in the soil, even though this fixation took 
place. This did not cause the mosquito-blight to lift, but 
whereas the surrounding tea, and neighbouring areas manured 
with light dressings of potash, became worse as tlic season went on, 
the area treated with the heavy dose of potash became no worse. 
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Thus the manuring experiments, while they afforded dis- 
tinct evidence that potash did, in some cases, do good, were 
irregular, and far from satisfactory in that it became obvious 
that the factors causing the bush to be unable to benefit from the 
potash present in the soil also prevented it, to some extent, from 
benefitting from the potash manures added, and it still remained 
to be proved that if the bush could only get the necessary potash 
it would throw off the blight. 

To do this it was evident that the soil must be eliminated 
from the experiments and direct injection of the buslies tried. 
In this connection the writer was fortunate in meeting Dr. 
Gough, of the Ministry of Entomology in Cairo, who gave 
him valuable information and advice culled from his experience 
in this line of work, Asa result, experiments were carried out 
duritig the past season in wliich bushes which were absolutely 
shut up by the blight were directly injected with potash. These 
bushes, after a short interval, have thro urn off the pest, and given 
splendid flushes, while untreated bushes in the vicinity remained 
shut up. The writer has spent a considerable time in watching 
these bushes, and it is interesting to note that the field observa- 
tions thus made confirm the observations, referred to above, 
made with mosquitos in confinement. Tea mosquito after lea 
mosquito alighted on the treated bushes, prodded its proboscis 
into a few leaves without doing any apprecialile damage, and 
then flew to a neighbouring untreated and already attacked 
bush, and remained there to feed. This is the most coin incing 
point of all, for it is possible that the addition of potash might 
have forced leaf through by its stimulatiug effect alone, and it 
was not until one observed that the insects attempted to feed on 
the treated bushes, hind gave it up, that one was justified in 
assuming that the desired result had been achieved.” 

A hearty vote of thanks was given to Mr. Andrews for 
his address, which was greatly appreciated by the Committee, 
and for the trouble he had gone to in preparing it. 



COLLOIDS IN THE SOIL. 


When a body is reduced to dimensions sufficiently small, 
gravity ceases to be the chie£ external force directino: 

Colloids. . M . , 

its movements, l^or small organisms, the viscosity 
of the medium in which they move is the cliief force with which 
they have to contend just as, for the water spider, the surface 
tension of water is all important. When a small insect falls from 
a height it is buoyed up by the air owing to the relatively large 
surface area of its body compared ^vith its weight, and therefore 
falls lightly. When an ant gets into a drop of water it expe- 
riences great difficulty in getting out because to get away from 
the liquid it must break through tlie surrounding ‘'skin” which is 
formed by tlie surface tension. So it is with particles of matter. 
When they become too small to be seen under tlie microscope, 
forces, which with large ])ar tides were of secondary imjxirtance, 
become the onl)- forces exerting any noticeable influence and we 
arrive at substances having new and distinctive properties. 

Mica is ordinarily insoluble in water. If, however, it is 
finely ground and ])oiied with water, it dissolves. But the solu- 
tion is quite different from that of a salt in water. In the latter 
case we must imagine the salt molecules somehow fitted into the 
spaces between the water molecules. With a solution of the 
mica type, we arc not dealing witli single molecules but with 
bunclies or aggregates of molecules which are kept in suspension 
because the viscosity of the water keeps tliem from sinking. 
After a time several of tliese aggregates coalesce and the fresh 
aggregate becomes too heavy to be siipjiortcd, and is precipitated. 
Exactly the same process goes on in the clouds. As the particles 
of water vapour coalesce a stage is reached when the air can no 
longer support the drop, and it falls as rain. 

When mica dissolves in water we have a colloidal solution 
and any method which will form particles small enough to remain 
su8]aended and keep them from coalescing will give rise to 
colloidal solutions. 
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An essential fraction of practically all soils is clay, 
intermingled T\dth which are fine particles of organic matter or 
humus. The other soil fractions — coarse sand, fine sand, silt and 
fine silt — form the framework of tlie soil and their function is 
chiefly mechanical, It is through the clay fraction that the soil 
reacts to the plant, for clay, owing to its fine state of division, is 
soluble in a manner similar to finely ground mica. It is on this 
account that the study of colloids is interesting to the agricul- 
turalist. 

There is a tendency for colloids to settle, owing to the 
coalescence of the particles. This process may be 
hastened by the addition of acids or salts to the 
colloidal solution. The formation of deltas is due 
primarily not to the diminution of current when a river reaches 
the sea, but to the coagulation and precipitation of the suspend- 
ed matter by the salt in sea water. Clay particles in suspension, 
like most colloids, carry an electro-negative charge and on this 
account the particles repel each other and are kept apart. If this 
charge is neutralised by the addition of acids or salts to the 
colloidal solution the particles then have no force to keep them 
from coalescing. The phenomenon of coalescence is known as 
flocculation.” 

The clay has two functions in the soil. First it is the medium 
through which most of the chemical action takes place and, 
secondly, it has the meclianical function, which it shares with fine 
silt, of binding the coarser particles together. In a soil under 
ordinary conditions we have the coarse sand, fine sand and silt 
fairly evenly mixed and, in the spaces between these particles, 
the fine silt and clay. In order that water may circulate freely 
in the soil there must be some free space between the soil particles. 
The action of puddling the bottom of a tank consists in breaking 
down clay and fine silt aggregates so that all the free space in the 
soil is filled and an impermeable mass is formed. A similar 
action takes place when land is cultivated in wet weather. Loss 
of tilth is the result. It can now be understood why a soil 
containing over 50 per cent, clay cannot be worked. 
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The tilth o£ a soil may be improved by the addition of lime. 
Lime itself is alkaline, but by the action of the carbonic acid in the 
air it forms a salt which is able to flocculate the clay in the soil. 
The result is that instead of the spaces between the larger particles 
being filled by minute clay particles, the latter are aggregated and 
the binding action is greatly restricted. Fine silt is not a colloid 
and hence carries no electric charge and is not coagulated by lime. 
In fact it is only after years of treatment with a combination 
of lime and green crop that silty soils become tractable. In this 
case the fine silt particles are probably simply cemented together, 
giving large aggregates of fine silt. 

With a light soil, the free space is considerable and water 
movement is thereby facilitated. By capillary action, water is 
able to rise rapidly from a depth and in the dry weather tliere is 
a constant drain on the subsoil moisture as the surface soil dries. 
But there is a limit beyond which water cannot rise and when 
this limit is reached the plant suffers. 

In the case of an extremely sandy soil we require just the 
opposite treatment from that necessary with a heavy soil and 
instead of aiming at the flocculation of clay we must attem])t to 
disintegrate the clay aggregates. In this way more of the free 
space ill the soil is filled and the water movement so restricted 
that the soil does not dry out rapidly. Such extremely sandy 
soils are, however, very rarely found cultivated. 

When manures are necessary, the exact form in which tliev 
shall be added is, to a great extent, determined b^’ the clay content 
of the soil. Suppose potash is needed by a heavy soil. This 
will be best added in the form of sulphate or chloride for both 
these salts shoAv an acid reaction on addition to the soil. The 
flocculation of the clay which results brings about the desired 
lightening of the soil. On the other hand, a manure like wood 
ash or Hyacinth ash wdiich contains its potash in the form of 
carbonate is not suitable for a clayey soil. Potassium carbonate 
is alkaline and lends to the de flocculation of the clay aggregates. 
If a nitrogenous manure is to be added, better results on hoavv 
soils will be obtained by ammonium sulphate than by sodium 
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nitrate. The former, like potassium sulphate, reacts acid while 
the latter is alkaline. Quite apart from this point, however, the 
addition of sodium nitrate in a wet country like Assam is not to 
be advised on account of the tendency it has to leach out of the 
soil, as will be shown later. The best method of adding nitro- 
genous manure is by means of a green crop. The decomposition 
which must necessarily take place before the green manure is 
available as plant food, is much more rapid in light than in heavy 
soils. The explanation of this is that in a light soil the free 
space is greater and the quantity of air thus drawn into the soil 
is greater than in the case of a clay. The final decomposition 
of the green crop, which consists in the formation of nitrates, is 
brought about by bacteria which need air. 

When clay is dried it naturally ceases to be a colloid, for its 
^ distinctive properties depend on the presence of 

water. Unless clay has been well dried or strongly 
heated, it regains its plastic and colloidal properties on the addition 
of water. This fact is of great importance in agriculture. 

Usually there is a tendency for the soil to stiffen as we go 
downwards and this effect is pronounced in districts of heavy 
rainfall. With each rainy season a certain portion of the clay is 
carried down to a depth varying from less than a foot to several 
feet according to the heaviness of the rainfall. After two or three 
seasons an im per ions layer Is formed which, although it is not 
always apparent to the eye, is sufficient to cause plant roots to 
spread above it instead of going downwards. In some countries 
where the wet and dry seasons are very distinctly marked, the 
layer of the clay becomes dessicated to such an extent that when 
the rains come it is incapable of reassuining its old pro|>erties and 
resembles a layer of rock. This layer is known as a pan. The 
effect of a pan prevents the air and water movement within the 
soil to such an extent that its removal is imperative. 

In California where Plowsoles (as pans just below the culti- 
vation level are there called) arc common, it has been found that 
the addition of gypsum (calcium sulphate) and sulphur minimise 
their formation. Gypsum is a salt and as such coagulates the 
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colloid in the soil. Sulphur is converted to sulphuric acid by a 
certain bacterium in the soil and acts in the same manner as 
gypsum. 

It has also been observed in California that if the pan is 
broken in one part and free water movement made possible the 
whole obstruction disappears. Trenching in Assam has shown 
similar results. This is due to the continual wetting and drying 
which ensues as soon as free water movement in the soil is restored. 
If a piece of puddled clay is dried and then wetted and dried 
again often enough it eventually crumbles. It is also well known 
that the tilth of heavy soils is improved by drainage and the 
result here is again probably due to a repeated wetting and drying 
which brings about alternate expansion and contraction followed 
by crumbling. 

A striking pro|:>erty of colloids is their power of removing 
‘dissolved substances from solution and retaining 
tenacity. This phenomenon 
is known as “Adsorption ” and occurs with substan- 
ces other than colloids. Thus charcoal can remove organic 
colouring matter from solutions and is employed commercially for 
clearing sugar solutions. Soil containing clay has the {x>wer of 
removing dyes from solutions. This property, which is quite 
common, is due to the relatively large surface ex{X)sed by the 
absorbent. Charcoal, for instance, retains the cellular structure 
of the wood and resembles a sponge. The amount of exposed 
surface of clay is enormous owing to the smallness of the particles. 

When a manure like potassium sulphate is added to the soil, 
part of the potassium is iin mediately adsorbed or fixed and in 
exchange lime, magnesia, iron, and aluminium are given. If an 
ammonium salt is added, ammonium is fixed and the exchange 
goes on as above. In some soils the addition of gypsum leads to 
the liberation of potassium in exchange for lime. This probably 
accounts for part of the beneficial effect of super-phosphate which 
contains about 60 per cent, gypsum. The salt which is fixed is 
usually loosely held and becomes gradually available. The 
importance of this state of affairs will be fully appreciated, for, if 
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it did not exist, most of the soluble manures would be leached 
out of the soil before the plant had time to assimilate them. 

In a general way it may be said that substances most likely 
to be leached out of a soil are soda, lime and magnesia amongst 
the bases, and chlorides, sulphates and nitrates amongst the acids. 
The substances most tenaciously held are potash, ammonia and 
phosphoric acid. These statements are verified by the analysis of 
the drain water. 

The percentage of organic matter or humus greatly affects the 
mechanical part played by the rock particles in the 
^ containing 2 to 3 per cent, organic 
matter, a small percentage of clay — about 2 per cent. 
— is essential to fertility. As the percentage of organic matter 
increases the necessity for clay decreases and in some of the soils 
of Southern Europe we have fertility in the entire absence of clay. 
The part played by clay is now taken over by the organic matter 
which exists in all stages from material which has not been decom- 
posed to the simple decomposition products which are soluble and 
can be assimilated by the plant. Clay has several functions in the 
soil which are due to its colloidal properties and ultimately due to 
its ultra-microscopic size. Organic matter at some period during 
the process of degradation is capable of assuming these properties. 

Plants grow quite well in pure sand provided that liquid food 
is added, but in the soil, the mineral food which is insoluble must 
be rendered available by the carbonic acid present in the soil 
solution. As the food comes into solution it is adsorbed or stored 
by the colloids in the soil till it is required by the plant. The 
nitrogenous food which .originates from the organic matter in the 
soii is made available to the plant by soil bacteria which live in 
the colloidal medium. Without such a medium, the soil becomes 
an inert mass incapable of supporting vegetation. 

It was at one time hoped that a complete soil analysis would 
tell the agriculturalist exactly the treatment necessary for his 
soil. This might be the case if fertility depended on one or two 
factors, but a soil analysis only reveals one set of factors which 
must be interpreted in the light of local conditions, such as climatej 
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water-supply and drainage. The result is that most of our work 
is empirical. 

It has been shown that some of the most important proper- 
ties of the soil are due to the presence of colloids in the soil 
solution. The elusive nature of colloids in general, makes it 
impossible to study the soil solution as it actually exists. The 
effect manures have on the plant growth takes place through 
the colloidal complex which coats the solid, inert soil particles. 
Thus fertilisers should not be regarded merely as plant foods. 
They affect in a greater or less degree practically every soil 
factor which influences plant production. Until these separate 
factors are clearly defined and their inter-relations thoroughly 
understood most of our agricultural practice must be based on 
experience. 


C. K. H. 



MANURING EXPERIMENTS. 


Many gardens are now carrying out experiments to deter- 
mine the influence oE manures on leaE yield on their own soil and 
under the climatic and other conditions applying on their own 
gardens. 

These experiments are always valuable; but would be much 
more valuable, even to the particular garden concerned, if report- 
ed to this department. Unfortunately they seldom are so report- 
ed, and it is often only w’hen some touring officer happens to visit 
the garden that he hears that such an experiment has been under- 
taken» 

When results are reported to us, it happens with disappoint- 
ing frequency that the results are negative. That is, during the 
first year at any rate, the manuring has often shoAvn no definite 
increase in crop ; and in some cases the check plot receiving no 
manure has given the greater crop. 

An old-established tea bush, “with its wide and deep root 
range and great power of adapting itself to conditions, does not 
react to manuring so readily as a low growing annual crop with 
its roots entirely in the surface soil. Whereas we can hope to 
make an effective change in the nature of the shallow layer of soil 
occupied by the roots in the latter case, it must take a long time 
before the subsoil, which contains such a great part of the root 
system of tea, can be greatly modified by manuring. 

The quantity of manure applied to tea also is usually small. 
For example, 30 lbs. nitrogen is an average dressing for tea, 
whereas to sugar as much as 150 lbs. is commonly applied. 

We do not therefore look always for large and immediate 
returns from manuring tea, but the effect is cumulative. Any 
increase in the thickness or number of the shoots, any improve- 
ment of the root system, or in the general vigour of the bush 



MANURING EXPERIMENTS. 


91 


leaves that bush permanently improved as a leaf producer, even if 
the soil has not been permanently improved. 

Our first ix)int then is that any manuring experiments on 
tea must be carried on over a number of years, and not abandoned 
because the first year’s results are disppointing. 

Manuring is only one, and a comparatively small, factor in 
leaf production, Of far greater importance are the factors of 
temperature and humidity of the atmosphere, sunshine, soil mois- 
ture, tilth of the soil and pruning. 

The first three we can control but slightly and they are in 
any case practically the same for check plot and trial plot. 

The very greatest care is necessary to see that the tliree latter 
are as nearly as possible the same for all plots. 

Soil moisture is of course mainly aifected by rainfall, but 
excess water may be removed by drainage, and in periods of 
drought water may be to a large extent retained by keeping the 
surface of the soil broken and by removing jungle. 

Before leaving this question of soil water, it may be mentioned 
that manuring will have much less effect when the soil moisture 
is excessive, than when water is present in optimum amount, or 
even when water is deficient. 

Some results with various maiiurial mixtures on wheat grow- 

in sand in pot culture arc n'ivcii bv J. \V. Shive (J. Aerie. 
Research. January, 1920) : 

Average dry weight of tops. 

Water content of soil ... 10?^ water, 15"o water. 20;c water. 

Least effective mixture ... -17 grams *32 grams -.‘U grams 

Moat effective mixture ... *64 „ *84 „ -59 ,, 

Fifteen per cent, water was considered to be the optimum for the 
particular sand used. 

Ill the case of every water-content the mixtures giving least 
effect and most effect respectively were the same except that with 
the wet soil slightly more potash and phosphoric acid were 
required ; but in the dry soil the most effective, mixture gave 
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over three times the effect of the least effective, with the optimum 
water-content 2 ^ times, and in the wet soil only 1 J times. 

Here the plants were grown in pots kept at a steady water- 
content and there was no washing out of manure. 

In any soil the amount of space not occupied by soil particles 
is fixed, and that part of the space occupied by water cannot be 
occupied by air. 

In overwet soil therefore the aeration is deficient and the 
plant is unable fully to benefit from manures applied. 

To obtain benefit from manures, then, drainage must be 
efficient. 

Planters need not (as some do) hesitate to drain for fear of 
losing the effect of manures. 

In manuring experiments it is therefore essential that all plots 
should be on the same level and be efficiently drained to the same 
depth and distance apart, and also that all receive the same cultiva- 
tion on the same day. 

The tilth will be affected by the past history of the soil 
which must be the same for all plots, and if all future cultivation 
is the same no change will be introduced except that produced 
by the manures. 

Pruning will of course be as nearly as possible the same, 
but greater care than usual will be necessary to see that about 
the same amount is cut out of all plots. This condition may be 
very nearly approached by pruning with the same coolies on the 
same day. 

It is useless to expect much increased yield from manures on 
tea the stems of which are thoroughly knotted and hide-bound. 
Such tea is useless for experiment other than experiments on 
manuring cut-back tea. 

Another factor within our control, which may (and often 
does) mask the effect of manuring, is jungle growth. Jungle 
becomes a competitor with the tea for the manure, and with its 
surface-feeding fibrous roots is an easy winner. One plant 
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growing in the neighbourhood of another has a distinct poison- 
ous effect on it. What this effect is due to is still a matter of 
controversy, but on the whole it seems probable that it is due 
largely to the roots keeping the soil charged with carbonic acid. 

Whatever the reason, jungle undoubtedly injures tea and it 
is conceivable that not only may the jungle prevent the tea from 
benefiting from manures, but the extra growth of jungle pro- 
duced may in some cases actually cause harm to the tea. 

An example of the effect of jungle on sugarcane is quoted 
in the Agricultural News (West Indies) : 

Plot. Yield — tons of sugar, 

F. Weeds allowed to grow... No fertilizer ... 13-19 

G. No weeds ... ... No fertilizer ... 20*38 

D. Weeds allowed to grow... Fertilizer ... 21*31 

E. No weeds ... ... Fertilizer ... 29*37 

When weeds were allowed to grow it is stated that weeding 
was done approx im a tel}' as in the surrounding field — apparently 
these plots received the normal cultivation, but it is noted that at 
times the weeds were very bad. Plots G and E were kept 
entirely free from weeds. 

The jungle factor must certainly be eliminated from manu- 
rial experiments by efficient cultivation. 

The most important disturbing effect in ex[>eriments on 
tea is however original inequality of soil. All our soils are 
extremely patchy and it is extremely difficult to pick two or more 
plots of the same soil, although since similar plucking takes more 
leaf from the better bushes, and therefore tends towards “ level- 
ling-up’’ the bushes, the tea on two plots of different soil may 
look very similar to the eye. Differences show up much better 
on a new clearance. 

If manuring can make an improvement of 10 per cent, it 
has been entirely successful and will probably show a profit ; yet 
even if two plots are just ready to pluck no one could estimate 
by looking at the two plots a difference of 10 per cent, in the 
ready leaf. 
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To meet the difficulty of uneven soil we must have each 
treatment repeated on three or more plots distributed evenly over 
the experimental area, and we should, if possible, record the 
yields of all the plots for one or t^vo years before the ex peri* 
mental treatment is commenced. 

At Borbhetta 18 plots were marked out in 1916 on a flat 
piece of laud requiring very little levelling. These were planted 
with one-year old plants selected from a large nursery so that 
all were of the same height and diameter at the base. Previous 
to planting tea, cow peas were grown on each plot, and the 
weights of crop obtained varied considerably, but were extremely 
poor, always less than J ton per acre. 

As the soil was known to recjuire phosphates, all plots were 
manured with a mixture of bonemeal and superphosphate giving 
40 lbs. phosphoric acid per acre, which it was ho]Xid would level 
up the plots. 

The tea then grew quite well. In early 1918, 10 mds. slaked 
lime per acre were given to each plot. At the end of 1918 the tea 
was cut down to 2'^, and plucked at 27" in 1919. 

Now everything possible lias been done to keep these plots 
even, but the yields in 1919 varied from .503 lbs. green leaf per 
acre down to 346 lbs. and in 1920 (uupruned) the yields up 
to the end of May from 819 lbs. to 492 lbs. These two, the worst 
and the best plots, were certainly extreme cases, — the remaining 
16 plots in 1920 varying only between 658 lbs. and 539 lbs. — 
yet they show how little single plot experiments can be depended 
on. 

These plots have now been divided into six series of three 
plots each, and the average of the highest yielding series is only 
10 per cent, greater than the average of the worst series. 

One of the six series has now received no further treatment, 
while each of the other five receives a different manure, and 
we shall therefore be able confidently to assign a difference 
exceeding 10 per cent, to the influence of the manure. Further, 
having now records of the original fertility of each series, we 
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hope to be able to get a closer approximation to the value o£ the 
manure by calculating the increased fertility per cent, on each 
plot, and by comparing the curves produced by plotting the 
pluckings monthly on squared paper. 

On large areas of established tea greater equality between 
plots will be obtained by marking out the experimental plots in 
long narrow parallel strips, than by marking out square plots. 

Where experimental plots have already been established 
without previous plucking records, one can frequently trace the 
influence of the manures by comparing the percentage annual 
decrease or increase of the manured plot with the corresponding 
decrease or increase shown by the check plots, even where com- 
parison of the total yields gives a negative result. 


H. R. C. 



RIDGE-HOEING. 


In the Toorsa-Jainti district of the Dooars one sees on 
practically every garden a. system of cultivation in common use, 
which is not seen anywhere else in tea, except on a few scattered 
gardens, and these are usually managed by men who have come 
from the Dooars. 

The system was first used to any considerable extent in old 
tea on the gardens of the Imperial Company superintended by 
Mr. Hamilton, but it spread rapidly over the whole district. 
Mr. Earwaker of Kalchini informs me that a similar system has 
been in use in the Dooars for 25 years, but was previously only 
used for burying heavy jungle in new clearances. 

Its rapid spread is an indication that the method has some 
merit, particularly as it costs rather more than ordinary hoeing. 
Some account of it may therefore interest planters in other 
districts. 

Mr. Ogg, now Manager of Chuapara, gives an account of the 
results of the method, as originally tried at Rungarautti : — 

“ In 1913 Hamilton commenced this ridging on a bad 
“ piece of tea growing on a slope, which with ordi- 
“ nary cultivation suffered badly from surface wash, 
“ and I can say from experience we used to pluck 
“ this part only every other round and it yielded 
“ about 4 maunds per acre, but after the ridging had 
‘‘^continued with manuring for two or three years it 
“improved out jof all knowledge and is now quite a 
“ good block of tea. Here, of course, the ridging 
“ followed, as far as possible, the contour of the land, 
“and had bunds at short intervals of from 5 to 10 
“ bushes apart to stop water getting any run on any- 
“ where, I think it was from seeing the effect here 
“ that Hamilton adopted the idea for the flat ; first, 
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** on stony ridges, where very poor cultivation is 
“generally done.” 

“ I do not think the idea is new, as it has long been used 
“ in potato fields at home.” 

The procedure followed is : — 

IsL — To scrape up the jungle into a line between the 
bushes. In this work all the ferns and jungle and 
the soil around the collars of the bushes are scraped 
away, so that forking is rendered unnecessary. 

Additional soil is scraped up over the “ jabra ” so as to 
make a ridge of soil heaped up alxmt a foot high 
between the bushes (Diagram 1). 

2nd . — At the next round of cultivation any jungle is 
again scraped off and the soil of the ridge dragged 
over it so as to form a fresh ridge, this time around 
the collars of the bushes (Diagram 2). 

When the land grows jungle on the ridges banked up 
against the bushes, this jungle is commonly scraped off and 
buried in the gully between the ridges. Cattle manure also is 
sometimes so buried with the jungle. This procedure gets 
organic matter in deeply, and so provides some of the benefits of 
trenching with small expenditure of labour. Still deeper culti- 
vation is sometimes obtained by trenching between the ridges. 

Ridge-hoeing is on some gardens carried on right throucrh 
the rains : on others the ridges are flattened out and the ordi- 
nary hoe used after about June. Some managers use the ridging 
instead of the ordinary cold weather deep hoe, while others do 
not 

In favour of the method it is urged : 

(1) that it destroys and keeps down jungle more effi- 

ciently than the ordinary light hoe. This is 
particularly noticeable when jungle growth is 
heavy. 

(2) that the work is extremely easily checked^ and can- 

not be “ scamped ” without detection ; and that, 
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also, the coolies prefer this form of cultivation since 
they think they are hoeing only half the area. 

(8) green crops are very easy both to grow and to hoe in. 
The green crop is generally sown on top of the 
ridge when in the position shown in diagram 1. 
On the heaped-up top-soil of the ridge the crop 
grows better than on the flat. When ready for 
hoeing in the crop simply has to be scraped off 
into the gully and the ridge pulled over it. 

Some planters favour the growing of the crop in the gully 
shown in diagram 2. Burial of the crop then becomes still 
simpler ; but generally a good crop cannot be grown in the sub- 
soil without more or less expensive manuring. 

The above advantages, being mainly '‘conveniences” only, 
would not explain the great improvement in the tea, which, in 
the opinion of all those who use the method, follow the use of 
ridge -hoeing. 

Cultivation can of course add nothing to a soil. Any ]>er- 
manent improvement resulting from cultivation must therefore 
be due to an improvement in the physical condition or tilth of a 
soil. 

Tilth is produced in a soil mainly by its alternate wetting 
and drying, and it is clear that soil raised into ridges becomes 
subjected to this influence to a very much greater degree than 
soil left overlying wet subsoil. * 

Further the most important of the factors which enable a 
soil to retain its tilth is the admixture of organic matter. This 
admixture is very efficiently done by ridge-hoeing. 

For the following reasons, then, ridge-hoeing should gene- 
rally be a more efficient method of cultivation than the ordinary 
light hoe : — 

(1) it is more efficient in improving the tilth of the sur- 

face soil than ordinary hoeing j 

(2) it treats a greater depth of soil than ordinary light 

hoeing ; 
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(3) damage to the tea by jungle growing In Its neigh- 
bourhood is more efficiently reduced by ridging 
than by ordinary cultivation. 

Against ridge-hoeing it may be urged that however much 
the soil may be improved, it is of no great advantage to the 
garden if the tea does not get the benefit of the improvement; 
that a bush cannot benefit fully from its soil if the top-soil is 
cither piled about it (or into it) or scraped up into a ridge 
between the bushes so that the lateral roots are actually or very 
nearly exposed- for a great part of their length (a similar objection 
^voiild of course apply to the very deep forking often applied in 
Assam), 

It has also been suggested that the effect of exposing the 

lateral roots w’hile extra soil is piled up around the collars, is to 

cause the old laterals to wither, while fresh ones grow from the 
collar. The writer has dug out a fair number of bushes from 
places where ridge-cultivation has been practised for years and 
neither this nor any other harmful effect on the roots was 
observed. There might be a tendency to such an effect where 
ridging is practised in the cold weather, but the method is not 
suited for cold weather cultivation. 

Normally in a cold ^veather of little rain, the top-soil will 
dry quite readily enough if subjected to the ordinary deep hoe, 
and although ridging may be more efficient in that respect it will 
not provide that mulch of fine dry soil covering the whole sur- 
face, which is so essential as a means of conserving moisture in 
the soil during the dry weather. 

It is, therefore, recommended that ridge-hoeing should not 
be commenced until rain has begun to fall — say March or April, 
and that the soil should once more be spread evenly^ over the 
roots by the end of June, and thenceforward ordinary light-hoe- 
ing be carried on till the deep hoc is commenced. The ordinary 
deep hoe is to be preferred to ridge-hoeing for cold weather 
cultivation. 
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On the flat, ridge-hoeing will be especially beneficial on 
heavy soils, and on stony soils where ordinary cultivation is par- 
ticularly difficult. 

On stones, ordinary hoeing is generally so inefficient that 
ridge- hoeing might well be carried on throughout the year. 

It is on slopes, above all, that the benefits of ridge-hoeing 
are most clear. It is a method which provides perfect preven- 
tion o£ wash, but unlike terracing or bunding it allo^vs the whole 
of the surface to be very efficiently cultivated. On slopes where 
no other method of wash-prevention is provided, ridge-hoeing 
should be carried on throughout the year. 

H. R. C. 



RESTRICTION OF CROP. 


At a time when the price obtained for tea is such that the 
profit per pound is likely to be extremely small or possibly non- 
existent, it is natural that the ([uestiou of restricting the output 
should be considered. While it is no part of the duty of a 
scientific department to oiler any opinion on the necessity or 
otherwise for such restriction, yet if either the industry as a 
whole or an individual company should decide to follow this 
policy, a scientific department may ])erhaps be expected to indi- 
cate the lines upon which it appears likely that restricted output 
may best be turned to the improvement of the bushes which are 
to be subjected to less exhausting treatment. 

It is the object of this note to discuss modifications of 
ordinary garden operations which may have the effect of carrying 
as much as |X)ssible of the unplucked loaf to reserve instead of 
leaving the whole of the reduction in crop as a dead loss. 

Plucking : — Finer plucking I at once ap[)eals as a method of 
reducing crop. By taking younger leaf, a smaller crop may i^e 
expected, but that crop will be of a higher cjuality. If, however, 
labour is plentiful enough to allow of plucking sufficiently 
frequently, then a ])olicy of finer plucking alone may not lead to 
any considerable decrease in crop, and the strain on the busli 
may be increased instead of decreased. 

To carry out a policy of restriction of output combined 
with conservation of the bush, it is necessary that jducking 
shall not only be fine but sparing. 

Most gardens have worked out a system of plucking which 
suits the particular garden, at least approximately. Where the 
soil is rich and forcing either naturally or by virtue of the 
manuring it receives, plucking is often closer and harder than 
on soils giving weaker growth. 
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Where a bush is being seriously overplucked, it sooner or 
later (and generally in the same season) ceases to yield as highly 
as it did with plucking suited to it. Over-close plucking for 
example produces before the end of the season an enormous 
number of very small shoots, which are very difficult and expen- 
sive to pluck, and weigh little, while in the worst cases die-back 
disease sets in. 

So, within certain limits, experience leads a garden, or a 
whole district, to adopt a system suited to obtain maximum crop, 
while at the same time not subjecting the bush to any undue 
strain. 

Whatever that system is, to carry out the principle of res- 
triction of crop, it should be altered so that after each plucking 
more is left on the bushes than would have been left under the 
old system. 

For example, wherever it has been the custom to pluck to 
the “ janam,” leaf should now be left to grow until two leaves and 
a bud can be taken while a third leaf remains on the bush. Even 
if the bush is so spared, it may still be necessary to pluck more 
frequently in order to avoid the necessity of having either to 
leave two leaves on the bush, or to pluck more than two leaves 
and a bud. For the sake of crop restriction it may seem quite 
satisfactory to leave two leav^es instead of one f but as such 
strong growth will generally come from the centre of the busJi, 
the effect will be to grow a conical shaped bush, thus tending 
to strengthen the centre to some extent at the expense of the 
outsides. It may, therefore, be necessary or at any rate desirable 
to pluck more frequently in order to obtain a smaller crop of 
higher quality without spoiling the shape of a bush. 

The effect of such sparing will be seen in the better general 
health of the tea at the end of the season ; and in the better 
pruning wood left. 

Very weak bushes or even whole sections may be left 
unplucked for a whole season. In practically all cases, the effect 
will be complete recovery, which will be lasting. Bushes at 
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Tocklai apparently on the point of death from red rust, brown 
blight, lor other disease having been bo left are now good bushes 
and the trouble and loss of crop, which ^vould have followed the 
infilling of a vacancy for years, have been saved. 

China and hybrid bushes cannot be so left too long or they 
will produce flower and seed and so be exhausted more than they 
would have been by plucking. 

Before leaving the subject of plucking it is necessary to 
consider the question of “breaking back,” and this is mixed up 
with the whole theory of plucking. Unfortunately there are 
very few recorded experiments in plucking, and it is doubtful 
whether experiments so made would be of more than local 
value. 

Theory tells us that a plant needs leaves to obtain from the 
air the most important part of its food (the carbon), and also 
to manufacture both this and all the other crude food material 
obtained through the roots into substances which can be 
assimilated. Therefore the greater the amount of healthy leaf, 
the better is the plant being fed. 

One hears statements to the effect that the fewer leaves a 
bush has to support, the more shoots it can grow. That is not 
true. On the contrary, the leaf supports the bush. 

It is however true that when a bush has developed too much 
leaf the bush will cease to flush, and will develop thick wood and 
extended roots, and eventually flowers and seed. 

The greater the amount of leaf removed, the more is the 
vegetative growth of the bush stimulated. The bush has to 
develop sufficient leaf area to transpire all the water taken in by 
the roots. 

An overplucked bush is having growth thus forced out of it, 
at the expense of its vitality. A correctly plucked mature bush 
will be so plucked that it is forced only so far as is safe. It will 

have no tendency to cease vegetative growth, and yet all its sap 

will not be forced into new shoots. There will be a sufficient 
balance for the proper maintenance of the bush. 
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In a time of crop restriction we may increase this balance so 
that the bush may grow better wood and better roots. 

Breaking back ” takes leaf from our bush and we have no 
return for it, either in cash or in food for our bush. 

It is therefore a dead loss and should be avoided as far as 
possible. It cannot always be avoided where a flat-topped bush 
is aimed at. Whether such a bush should be aimed at, is a 
matter on which there is great divergence of opinion. 

Two facts are very greatly in its favour ; it encourages the 
growth of strong side-branches, and it makes accurate plucking 
much easier for the cooly and more easily checked by the 
manager. It is possible however that it may sometimes be pushed 
to extremes, and a very perfect flat surface obtained at too great 
a cost. 

Only exact experiment on the particular garden can decide. 

The necessity for “ breaking back ” can be lessened by more 
frequent plucking, when labour is sufficient 

AJanurmff .—If leaf is to be left iiriplucked, there is 
no object in applying those manures which tend to increase 
production of leaf without permanently improving the bush. 

Cases no doubt occur where a bush on a poor and exhausted 
soil is actually suffering from nitrogen starvation; but in modern 
practice such cases must be rare, and, in general, nitrogenous 
manures produce extra leaf without improving the general health 
of the bush. The quantities applied in tea cultivation are not 
generally sufficient to weaken a bush seriously, but there is a 
distinct danger of overmanuring with nitrogen (unless the 
manuring is very carefully balanced), and in certain cases the 
effects are visible in increased liability to blight attack — brown 
blight and mosquito blight in particular. 

Such increased liability to blight may be seen where large 
quantities of oilcake have been applied annually without other 
manure, or where several hundred pounds per acre of nitrogen 
have been added in one application as cattle manure or bheel eoih 
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With artificial manures it is seldom that a maximum of 40 
lbs. per acre of nitrogen is exceeded, and generally more care 
is taken to obtain a well balanced mixture. Bad results are 
therefore less commonly seen. This, of course, is generally 
simply because too much of the “ natural ” manure is applied at 
one time. 

In normal times the limit of economical application is 
usually well within the danger limit, but there is still the tendency 
to increasing weakness with increasing crop from nitrogenous 
manures. A time of crop restriction therefore may well be a time 
for restriction in the use of nitrogenous manures also, particularly 
when manures stand at their present enormous prices. 

There will, however, still be occasions when such manures 
are necessary, perhaps to save thoroughly deteriorated tea, or to 
encourage good growth after heavy pruning. 

Potash manures also (probably partly because so rapidly 
absorbed by the soil) seem generally to be little required by tea 
soils, and their use may he discontinued except : — 

(1) for cut back tea, where potash lias a special function 

in production of good wood, and 

(2) where ]X)tash has been found to have a good effect in 

decreasing liabilit}' to attack from disease. 

In many cases potash has shown such an effect with 
mosquito blight and brown blight. 

Phosphatic manures and lime improve the soil more or less 
permanently and add to the general health of the bush on very 
many soils. Where specially advised, their use should be 
continued although the quantities may possibly be reduced. 

Generally speaking if full use is made of all the cattle 
manure available (at 5 tons per acre only) and as large an area 
as possible is sown with green crops, a garden will not seriously 
deteriorate for a year or two ; but, if plucking is less severe, 
will improve. 
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Pruning :—kny system of pruning to improve a bad 
bush as a leaf yielder must entail some form of heavy pruning. 
The common objection that such pruning leads to temporary 
reduction of crop is of less force if it is desired that crop shall be 
reduced. 

The wider application of such pruning is a splendid method 
of reducing crop tem]X)rarily for the eventual benefit of the 
garden. 

It is not recommended that any hard-and-fast rule should 
be enforced that any particular percentage of a garden should be 
heavy pruned • it would be absurd to cut down tea that did not 
need such treatment On most gardens however there are 
sections which are too high, or contain too much bored and 
white-ant- eaten wood. Many sections also could be very greatly 
improved by the method of taking out centres. It is urged that 
a time when the profit per lb. of tea is small is the time when 
such work should be undertaken. 

Heavy pruning as a means of renovating weak tea is a 
different proposition. The worst gardens one sees are generally 
those where the bushes, having become thoroughly weak, have 
been cut down to stimulate them to further efforts, while nothing 
has been done to remove the cause of the weakness which is 
usually to be found in the soil. 

Really weak bushes should be strengthened before cutting 
down, and this is a case where economy in manure should not be 
observed unless it is preferred to strengthen up the bushes by 
leaving them unplucked, or at least plucking sparingly. 

Cultivation cannot generally be reduced without damage to 
the tea of a more or less permanent nature, except that cultivation 
when the soil is very wet may be avoided the more readily when 
any temporary reduction of crop due to the presence of jungle 
will be of less consequence. 

E. A. A, 

H. R. C. 
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Entomologist. 

The Entomologist visited the Hailakandy district of Cachar, 
the Longai valley in Sylhet, and the Bengal Dooars during June 
and July, for the purpose of commencing experiments on the 
inoculation of bushes growing in the different types of soil found 
in the worst affected areas. Thus bushes have been treated on a 
loamy flat in Cachar, on a bheel in Sylhet, on a grey loam soil, 
on a red bank soil, on a red bank soil of the Nagrakata type, on 
a soil of the Dina Toorsa type, and on a soil on the Hantapara 
plateau. 

During the trip very little visiting of gardens was done, 
as the work on hand in connection with the experiments did 
not allow of this, and it was therefore not possible to make many 
observations. It was noticeable, however, that the effect of the 
previous year’s drought was still being felt by the bushes, and 
this, combined, in some places, with the effects of hail, and in 
others with a severe attack of red spider, had resulted in the 
bushes having an appearance more generally associated in one's 
memory with an earlier part of the season. One gathered, also, 
from much of the heavy pruning one saw here and there, that 
the bushes had suffered a check which was hardly conducive to 
successful recovery from a second shock given by heavy ]iruiiing. 
An interesting case was observed which afforded an instance of 
how a soil may be altered when brought into cultivation, 
and not always for the better, although tlie yield may have been 
increased. The boundary between two adjacent gardens runs 
across the centre of a flat, which has been planted with tea, and 
the boundary is marked by a drain about two feet wide. On 
one side of this drain is tea which has received very little culti- 
vation during past years, and which at the time of the observa- 
tion was in jungle; at the other side is tea which has boon culti- 
vated regularly and in an increasing degree during |>ast years 
and was fairly clean at the time. The soil, in the first instance, 
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felt, when handled, like a friable loam. It crumbled in the 
hand and ran through the fingers. In the other case, however, 
it squeezed up like modelling clay under pressure, and had the 
feeling of a sticky, heavy clay in the hand. Samples of these 
two soils were taken and analysed in the laboratory, and were 
found to have the same mechanical analysis, showing that they 
were originally identical. These differences accompanied a 
difference in the degree of liability to mosquito blight, for while 
the tea on the side of the boundary where the soil was intractable 
and sticky was badly blighted, that on the other side, where the 
soil was friable, was free, and this state of affairs is known to 
have been In existence for several years past. This is but one 
of the several instances we now know of, where a boundary -line 
between two adjoining areas of tea on the same lie of land marks 
the limit of serious attack by mosquito on the one hand, and of 
comparative freedom from attack on the other. Further informa- 
tion on the matter is needed, and is, moreover, being accumu- 
lated, but this particular instance is quoted as showing that not 
only can differences be produced in a given soil by our present 
methods of cultivation, sufficient to alter it from one on which 
bushes remain free from serious attack to one on which attack 
is always serious, but that such alteration does actually occur in 
practice. 

A characteristic feature of many of the tea bushes on the 
bheels is the extraordinary rottenness of what first appears to 
the eye to be quite sound wood. Quite good bushes are to be 
seen growing on frames which, though they look well enough 
at first sight, are found on close examination to contain a large 
proportion of rotten branches. A consequence of this is that 
there is a sudden transition in many cases from thick, heavy 
wood to thin spindly shoots concealed beneath a crown of appar- 
ently healthy foliage. This, if there be anything in the theory 
that potash is of first importance in strengthening the wood, 
would seem to corroborate to some extent the idea that tlie bushes 
are not getting all they require in tha way of potash in those 
places. 
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Many Bpccimens o£ tea branchesj having the appearance 
of being affected by canker, were received recently from the 
Longai valley. The Mycologist visited that district to enquire 
into the matter recently, and in his notes on the tour published in 
Part IT of the (Quarterly Journal, referred the damage to the 
Cachar Stalk-killing Mite, but there is considerable doubt as to 
this, and the matter is still under investigation. The treatment 
recommended by him, however, >vas to spray with lime-sulphur, 
and where this treatment was properly carried out it appears to 
have been entirely successful. 

Mosquito-blight was, on the whole, less virulent In the 
Bengal Do oars than one expected to find it, and while it seems 
to have got a firmer hold on certain red bank gardens, is, if 
anything, less virulent in the west. It is curious to observe, 
more es]>ecially in the light of recent work, how different por- 
tions of a garden differ in their behaviour when attacked. Some 
bushes crum]de up immediately, others grow iii spite of the 
attack. More will be written on this subject after the next tour. 

On one estate a very destructive form of attack by brown 
blight was observed in the nurseries, a whole nursery being re- 
duced to leafless stumps in a few days. Examination of these 
plants showed that in some cases, though not in all, the cotyledons 
of the seed were rotten, and the rotten portion was crowded with 
rod -like bacteria. This form of attack has been commonly noticed, 
but only an odd bushes here and there before, and examination of 
the seeds attached to affected ]>lants at Tocklai showed that in most 
cases the affected plants had sound cotyledons still attached to 
them, though in a few cases the cotyledons were rotten, and in 
others missing. The roots of the seedlings were good, but in some 
cases the collar appeared to be rotten. It appears as if the plants 
became liable to attack by brown blight at the period when they 
were ceasing to draw mitrimcrit from the seed, and commencing to 
take it from the soil. In most cases the plant comes away again 
after a time, although all the leaves may have dropped off, and the 
plant has been reduced to a bare brown twig. 


E. A. A. 



COST AND PROFITS OF MANUFACTURE OF INDIGO 
IN ASSAM AS COMPARED WITH BIHAR 


liV 

W, A. Davis, b.sc., a.o.g.i., 

Indigo Research Chemist to the Government of India, 


I. — Present yields of Indigo in Bihar. 

Actual yields per acre (from Department of Statistics 


Memoranda.) 


Acres under 
Indigo. 

Seers of cake 

Indigo per acre. 

1916-17... 

.. ' 80,600 

7i 

1917-18,,. 

... ! 86,700 


1918-19... 

... ' 64,200» 

‘ 5i 

1919-20. „ 

... 1 57,100» 

8 


j Average for 4 

7 seers per acre. 


j years. 

1 



Possible yields — calculated from average analyses of plant. 


Assuining 
yield of 
green plant 
per acre. 

^/c leaf on 
plant. 

% indigotin 
in leaf. 

j Theoretical 
yield 60^ cake 
; indigo if ex- 
traction were 
^ perfect. 

Yield allow- 
ing a working 
loss of 30^ 

Actual aver- 
age yields 
1918-20 
per acre. 

Mda, 



1 Seers. 

Seers. 

Seers. 

50 

45 


I 9-0 

6-3 

5i to 8 

80 

45 

0-6 

14 4 

10-8 

Average 7 era. 


Total working costs per acre in Bihar (preparation of land, 
seed, sowing, carting and manufacture) average about Ks. 40 
per acre. With a yield of 7 seers per acre, the cost of produc- 
tion of 1 maund of indigo cake = Rs. 228 ; with a yield of o seers 
per acre, the cost==Rs. 320 per maund. 

® Fall ID acres under indigo due to agrarian difficulties in Champaran. (Mr. Qandhi). 
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Actual selling price of Indigo (60^ cake) per md. 60^ indigo; 

1918 - 1919 at Rs. 5-0 to Rs. 5-8 per unit-Rs. 300 to Rs. 330 

1919- 1920 „ „ 6-4 „ „ 6-8t „ = „ 375 „ „ 390 

II. — Prospects in Assam. — Indigo grows most luxuriantly 
in Assam and the increased yield oE plant as compared with 
Bihar is accompanied by superior quality (percentage o£ leaf and 
percentage of indigotin in leaf). The trouble in Bihar has been 
the failing yield of plant,^ owing to total neglect of proper 
manuring, and with this a deterioration in quality. In Bihar 
the yield of plant for the whole season is on the average 50 to 
70 maunds per acre (2nd cuttings fail more or less completely), 
and the plant contains only 45^ of leaf and 0*6 indigotin in the 
leaf. At Panchnoi the first cutting has averaged 150 maunds per 
acre, the second cutting wdll be at least 100 maunds and a third 
cutting is expected. In some cases in Assam a single cutting 
has given 300 to 400 maunds of plant per acre. Assuming 
yields of only 200 and 300 maunds per acre (probably low 
estimates) for the whole season we have — 


Probable yields of indigo per acre in 


Yield of plant 
per acre. 

i 

i>/o leaf on 
plant. 

o/e indigotin 
in leaf. 

Theoretical 
yield of 60^.4 
cake indigo 
per acre. 

Deduct 30^ 
loss in 
working. 

Probable yield 
of cake indigo 
i per acre. 

I 

Mds. 



Seers. 

1 Seers. 

1 

* Seers. 

j 

200 

60 

in 

800 

' 24-0 

! 56-0 

300 

60 

10 

120-0 

36-0 

84-0 


The leaf percentage and percentage of indigotin are based 
on actual determinations made with Assam-grown plant. 

These anticipations of probable yield of cake indigo per acre 
have been confirmed by recent results at Panchnoi factor} , after 
the preliminary difficulties in finding the proper time of steeping 
had been overcome. Mr. West has obtained yields of 24 to 36 
seers of indigo C^nalysing 50^o 60%) per 100 maund s of plant, 

^Riee of selling price due to i‘*or 0 a 88 d demand from Japan and the formation of a 
pool to control sales. 
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which if the yield of plant for the whole season be taken as 250 
maunds per acre works out at 60 to 90 seers of cake indigo per acre. 

The quality of the Panchnoi indigo is still somewhat low 
(50 to 60%^) but there is no doubt that by correctly ascertaining 
the optimum time for steeping (which should present no great 
difficulty) higher grade indigo (60 to 70;^) can be obtained in 
exceedingly good yield. 

Profits . — If we assume for Assam an average cost of working 
of K-s. 100-130 per acre (as against Rs. 40 in Bihar) we have the 
following probable profits for different yields of indigo per acre 
and different market prices of the indigo in the future. 

(a) With average produce of 24 seers cake indigo per 100 


maimds plant (average working). 


Yield of plant 
per acre. 

Cost of 
working i 
per acre. 

Yield of cake 
indigo per 
acre. 

1 Profit ter acre with indigo selling at 

Ks. 200 p. md. 

Ks. 300 p. md. 

Ks. 400 p. md. 

Mds. 

Ks. 

Seers. 

1 Ks. 

Ks. i 

Ks. 

200 

100 

! 

48 

1 140 1 

260 

380 

300 * 

1 130 

72 

I 230 

410 

500 


(b) With average produce of 30 seers cake indigo per 100 
maunds (good working). 


Mds. 

Ks. 

Seers. 

Ks. 

Rs. 

Ks. 

200 

100 

60 

200 

i 350 

! 600 

300 

130 

90 

320 

545 

770 


III . — Market price ffi Indigo in the future . — From this table 
it is seen that with yields such as have actually been obtained at 
Panchnoi and are to be expected from the quantity and quality 
of plant grown in Assam, the profits per acre are altogether 
extraordinary. With indigo selling at Rs. 400 a maund (as at 
present is the case with Bihar indigo) with average working 
yielding 24 seers of indigo per 100 maunds of plant, a growth 
of 200 maunds per acre of plant would give a profit of Rs. 380 
per acre, and 300 maunds of plant a profit of Rs. 590. 
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With better working (with favourable bacterial conditions 
in steeping,) giving 30 seers of indigo per 100 maunds of plant, 
the profits would be Rs. 500 and Rs. 770 per acre and accord- 
ing as 200 or 300 maunds of plant were obtained per acre. 

There is at present no falling off in the market price of 
indigo— -in fact during the past year, owing to demand from 
Japan and better organisation of sales, the price of indigo has 
increased from Rs. 300 to Us. 400 a maund. But in the 
future competition with synthetic indigotin from Germany, 
England and America will have to be faced and this competition 
can be easily met by Assam indigo owing to the extraordinary 
yields obtiiined per acre. It is extremely doubtful whether 
“synthetic” can be produced for many years to come at a price 
below Rs. 200 per maund. The pre-war selling price was Rs. 120 
per maund on the basis of G0% indigotin. With the big rise in 
price of coal in Europe (from say 15.$. per ton to 50$. per ton 
or more at pit's mouth) which has occurred since 1914, the 
cost of all raw materials for synthetic indigo has enormously in- 
creased. Some of them have increased four or live fold in price, 
whilst the price of labour, plant and buildings have also increased 
greatly. There is too an actual shortage of some of the raw 
materials (such as formaldahyde) which limits output. So that 
in my opinion Rs. 200 is probably the minimum selling price for 
synthetic indigo for some years to come. Tliere is an enormous 
demand for indigo in China and Japan and this is at the present 
practically uutonched by the limited output of synthetic. 

Even if the selling price of Assam indigo had to be lowered 
to Rs. 200 the profits from Assam-grown indigo are still verv 
handsome ones. 


^Produce at 24 srs. per 100 mds. Produce at 30 srs. per 100 mda. 
Plant yield per acre. 1 (avera e working) (average working) 

I profit per acre. profit per acre. 


Mda. 

Its. 

Ks, 

200 

140 

■ iiOii 

300 

230 

1 320 
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From these figures it is clear that natural Indigo grow7i in 
Assam should have no difficulty in competing with and exclud- 
ing entirely from the Far-Eastern markets (which take roughly 
one-half of the world’s supply of Indigo) the artificial competitor 
synthetic Indigo — which in the past largely displaced natural 
Indian Indigo, owing to the miserably poor yields obtained in 
Bihar from exhausted lands. Once synthetic Indigo were choked 
Indian Indigo would have a monopoly and within reasonable 
limits could fix its own price, 

IV . — Manurial value of JnJigo seet for Tea and other crops 
(such as Sugarcane ), — In the above table of profits no allowance 
has been made for the very great value of the Indigo seet (refuse 
from the steeping vats) as a manure for other crops. The high 
value of the seet as a manure has in fact largely kept the natural 
indigo industry alive in Bihar during the 10 or 15 years preced- 
ing the 'war. Indigo seet has exceptional value as a quick - 
acting nitrogenous manure for forcing leaf-groicih. Land which 
ordinarily only fetches Rg. 20 per acre in Bihar can after 
manuring with Indigo seet (300-400 maunds per acre) be let out 
to ryots to grow tobacco at Ks. 120 per acre. The develop- 
ment of tobacco in Bihar has depended almost entirely on the 
use of seet as a manure. Now in Bihar the growth of Indigo is 
so poor that the seet obtained from 4 or 5 acres of Indigo has to 
be used for manuring 1 acre of land. But in Assam, with a 
luxuriant growth of Indigo (300 maunds or more per acre) the 
seet from one acre would be sufficient to give a heavy dressing 
of manure for one acre. 

There is no doubt that the use of Indigo seet as a manure 
for tea would go far to reduce and largely obviate the necessity 
for use of other nitrogenous fertilisers (cake or artificials) ; this 
in view of the greatly increased prices of such fertilisers would 
add considerably to the real profit per acre derived from the 
Indigo. 

It must be remembered too that the mere growth of the 
Indigo (or leguminous crops) as shown by Bihar experiencCj 
brings considerable nitrogen into the soil irrespective of the 
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vhIug of the SG6tj dfiid th^t it Ctin be ^rown on poor ssndy soils 
^viiich ordinarily fail to give other crops owing to lack of 
nitrogen. 

V. — Vahie of Indigo on newly opened Tea E^itates . — Indigo 
could be grown with great advantage on newly opened or newly 
cleared tea-land. On newly opened estates it would enable large 
profits to be made in the period of waiting (4 or 5 years) in 
which tea comes into yielding. On new extensions it could be 
grown between the young tea busiies tor two or three years and 
during this period would enrich the soil witli nitrogen. 

VI. — MarL-et jor Indigo , — (For statistical data see my 
article in Agriculture Journal ot* India, January 1918.) In 
China and Japan there is an immense market lor natural Indigo 
only waiting to be supplied with the riglit material in paste form 
similar to the synthetic paste of the Germans ; of recent 
years China and Japan have consumed considerably more than 
half of the European jwoduction of Synthetic Indigo. In Ihlo 
China and Ja]>an took 27,081 tons of 20 Paste out of the total 
German and Swiss e^eport of 47,282 tons. 27,081 tons of 20)^ 
Synthetic supplied to China and Japan represents 9,027 tons of 
60% cake or 270,810 Indigo maunds of 74*66 lbs. ( = j cwt.) 
this quantity would have a ju’esent value of lis. 1=083 lakhs if 
sold at Rs. 400 a maund (current price) or Rs. 542 lakhs selling 
at Rs. 200 a maund. 

The total pre-war production of Synthetic Indigo was esti- 
mated at 55,000 tons of 20% paste, that is 18,333 tons or 550,000 
maunds of cake Indigo (60%) with a value of Rs. 2,200 lakhs 
selling at Rs. 400 a maund, or Rs. 1,100 lakhs selling at Rs. 200 
a maund. 

The recent output per annum of Bihar has been al)out 3,000 
chests or 12,000 maunds which is less than l/20th of the require- 
ments of China alone or l/40th of the world’s requirements of 
Indigo. 
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Mr. W. A. Davis, the Indigo Research Chemist to the 
Government of India, gave an address to a conference held at 
Shillong on the 17th Se])teml)er 1920, pointing out that very 
large profits are to be expected from Indigo- grooving in Assam. 

The facts on v hicli this opinion is based are likely to l)e 
of such great interest to those ])lanters Avlio see little j:)rospect of 
profit from tea in tlie near future, that the notes b}' Mr. Davis 
giving the substance of his address are here published in full. 

Mr. Davis in his paper points out the great advantages 
of growing indigo on ncovly opened estates. 

India'o can also be grown among established ten. 

o CO 

Tea planters have long aj^preciated the advantages of grow- 
ing leguminous crops such as (u h(^ 7\-bog(i medeloa^ and cotcpeit-< 
among the tea for manure, and know how to obtain good crops. 

Indigo also is a leguminous plant ; and though it may noi 
give such a large weight of green stuff per acre as the green crojjs 
now generally used, yet the advantage of making a large direct 
profit out of one's green crop is great enough to outweigh this 
disadvantage. Even this disadvantage is counter-balanced by the 
superior quality of the manure obtained. 

Mr. Hutchinson, the Imperial Bacteriologist, has recom- 
mended that green manures should undergo a prelim inar\- 
steeping in water before being applied to the laud and has 
shown very clearly the advantages of this procedure (see I. T. A. 
Quarterly Journal, 1916, Pt. Ill, page 47 ; Pt, IV, )>agc 130). 

His method of so treating green manures has not been 
generally adopted by the tea industry because the extra cost is 
not likely to be repaid, in climates where the rainfall is so 
favourable to the ordinary method. 

Steeping is a necessary part of the manufacture of indigo 
from the green plant, and the efficiency of the manure seet ”) 
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remaining after the dye has been extracted, is very much greater 
than that of the raw green stuff. 

By growing indigo among our tea we shall not cause our 
soils to deteriorate, but when the sect is returned to the land, 
actually improve them. 

The crop of tea obtained while the indigo is actually 
growing will ])robably be found to be somewhat diminished, the 
loss being small when rainfall is ample, and comparatively great 
during a dry period. 

On soils especially well suited to the crop, at least 100 
mnunds of indigo plant per acre (in 3 cuttings} will probably be 
obtained from indigo sown in alternate rows. 

The best soils will probably be found to be sandy soils, rich 
in available phosphoric acid, not too acid, and with sufficient 
humus. 

On the other hand it is probable that the crop is not worth 
trying on a sticky clav, which is deficient in phosphoric acid, 
very acid, and in bad condition generally. 

Intermediate soils will in many case:^ require manuring, bin 
on a large number of te;i soils no more than 2 mainids per acre 
of bone-meal (about Ks, 10) will be necessary. Some lime also 
will often be found advantageous. In both cases such manur- 
ing will permanently improve the tea. Planters may judge 
of the likelihood of succes> with indigo, from the degree of 
success obtained in growing other green crops : for example, it 
4 tons ])cr acre of cow[)eas can be grown in 6 weeks then failure 
with indigo need belittle feared. 

Since the additional cost of gl*o^vitlg indigo among the tea 
(which must in any case be ke]>t in cultivation) is likely to be 
small, profit is to be expected e\ en from poor crops. 

The capital expenditure necessary for tanks, machine iwg etc., 
for dealing with 150 acres of indigo (average crop 200 iiiaunds 
per acre) is estimated at about Rs. 30,000 for kutcha buildings, 
or about Rs. 40,000 with pucca roof, doors, etc. 


H. R. C. 
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SOIL DRAINAGE. 


This article is not ^vl•itten as a complete dissertation on the 
difficult and complicated problem of soil drainage but rather as a 
short note in which are mentioned some of the more important 
points in order to stimulate a greater interest in this, one of the 
most important of agricultural operations. Too little attention 
is often given to this problem, doubtles.s because it means a V3r\' 
large expenditure of money. On the other hand it must be 
realised that until g soil is properly ainl efficiently drained it is 
impossible for it to be in the best condition for yielding maxi- 
mum crop returns, and in fact it is often the controlling factor 
that retains the crop at its present low level. Before however it 
is possible to arrange a drainage scheme for a garden it is neces- 
sary to fully appreciate exactly what is recpiired and expected. 
What is meant by drainage ? Certainly not the mere cutting of 
drains at certain intervals in an area. The draiiiage of an area 
of soil implies the removal from the soil of excess water that is 
not required and the means ein|>loyed to bring this about is the 
drainage system. Some few soils, owing to climatic conditions, 
their geographical situation and their physical conditions, etc., 
eliminate excess w'ater naturally and without any artificial aid, 
but this is not so in the vast majority of cases. Natural drain- 
ao'e as a general rule is insufficient to meet the requirements in 

this direction of the tea plant, which is or should be deep rooting 
if it is to resist the varying extremes of cliimitic conditions that 
pertain to North East India. 

Since drainage then is t!ie removal of excess water from the 
soil, it is necessary to enquire what is excess water. Any 
naturally situated piece of soil consists of soil particles made up 
of small pieces of rock and mineral matter and organic matter, 
etc., patched togctlier in a more or less loose manner, leaving in 
between the particles interstices whicli can be filled with fiuid 
substances such as air or water. If such interstices are com- 
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pletely filled with water the soil is water -saturated. For agricul- 
tural purposes it is necessary that these interstices be filled 
partly with air and partly Avith water, the water being in the 
form of a film spread over the solid particles. Such water is 
held together as a film by capillary force and cannot be removed 
by drainage. The amount of ^vater so held in a soil varies with 
the type and class of the soil. As the amount of water increases 
so the force retaining it entirely us a film becomes less until a 
point is reached where ^vhat may be termed free water is present, 
that is to say water that can be removed by drainage, and tlie 
object of drainage is to remove sucli water, for its presence in tlie 
soil means that it is oeenpying s|)ace between the soil particles 
that should be filled vnth air, and aeration of the soil is in 
consequence deficient. It H'ill ha noted that film water cannot 
be removed b}’ drains and film water is able to supply the full 
need of a growing ])lant jirovided the root formation of the ])lant 
has suitably developed, which can only be when the soil is 
sufficiently aerated. A soil tliat at one time is unduly filled 
with water and nt another time has no excess water will not 
permit of proper root growth, and ])lants in such soils often 
suffer severely from drought. There is with all .soils a certain 
definite water content that renders the soil in its best ])ln^sical 
condition. This point is readily recognised by expert gardeners 
from the feel and a|q)earauce of the soil and it is then in the best 
condition possible for producing m[iximum ])lant growth. TIk^ 
water content of the soil at this point is known as the optimum 
water content and it is as close to this point as possible that it is 
desirable to kee]) the ^vater content of a soil. A soil in which 
the water content is below this point is unduly dry and above 
this point the soil contains too much water. The optimum 
water content of soils varies considerably according to their 
nature, but is lower Aviih sandy soils than with clay. In the 
case of a peat blieel it is very much higher than with clays. As 
instances the following may be cited of tea soils. 

A sandy soil has an optimum water content of about 

A clay soil has an optimum water content of about 20^* 
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It has already been explained that excess oE water in a soil 
means a deficiency of aeration in the soil, but this is riot the only 
ill effect arising from insufficient drainage. Excess water aids 
in the formation of pans in a soil, formed largely of iron and 
alum ini am silicates, and this is easily notic(*d on Tuany insuffi- 
ciently drained tea soils. Excessive rjuantity of water in a soil 
increases soil acidity partly in a dii'ect manner but also indirectly 
by bringing about lack of aeration and the prevention of oxida- 
tion and by modifying the development of the various forms of 
micro-organisms in the soil. It also causes certain plant food sub- 
stances which in a well aerated soil would l)e in the soil solution 
to be removed from solution either by precipitation or adsorption. 
Nitrogen, potassium and phosphorus can all thus be rendered 
non-available for the use of the plant. Tlie non-availabilitv of 
the plant food in a soil is a very general feature of many of the 
badly drained areas of tea. It may be noted that manures added 
to such soils usually exert but little inllueiice on the tea. They 
are rendered non-available. The general etfect then of non- 
drainage of a soil is to render tlie ])l;ints growing there unhealthy 
and much more liable to disease attack. To mention but one or 
two of the pests and blights that arc more commonly in evidence 
on such plants ; 

Red spider, Red rust, Root diseases, Mosquito blig’ht, and 
on Sau trees, canker. 

It is of course olivious to every one that a low Iving ]uece 
of land, surrounded by higher land, wliere water stands after 
rain, is in need of drainage but it is not always so obvious to 
casual observation that level land or land gently sloping is in 
need of drainage, and still less obvious if the land is at a steep 
slope, and the remark is often lieard “ such and such a piece of 
land can’t want drainage, it is naturally drained.'’ This is in 
the majority of cases not correct and a further study at all times 
of the year of the water conditions in the soil will soon reveal 
the fact. Another class of soil that is often supposed by reason 
of its situation to be drained is a high plateau. In some eases 
the top soil on the plateau is of a good open texture but under- 
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iieath at no great depth a subsoil of a clayey nature and this 
mnv be saucer-shaped, deeper towards the centre of the plateau, 
and nearer the surface at the edges. The ^yater is then held in 
an<I tlie whole drainage is towards the centre where the water 
accumulates. On plateau land the permanent water level is 
often very far belo .v the surface even in the rains, but on account 
of the close texture of the subsoil the water that accumulates in 
the top soil cannot percolate sufficientlv rapidly through the sub- 
soil and in districts where rainfall is very heavy in a few 
months of the year as in the Duars, where 200 inches may be 
precipitated in about 3 months, the water accumulates in the 
surface soil to such an extent that the soil becomes almost satu- 
rated. Such soils can only deal successfully with a very evenly 
distributed rainfall without any heavy precipitation. Badly 
drained soils owing to the bushes being shallow rooted suffer 
more from drought than well drained soils and this is particularly 
noticeable in the case of heavy clay soils. Another feature of 
badly drained soils is that the early flushes of the tea bushes are 
good, but that later on, commencing for example with the third 
flush and continuing until September, the flushes are not as good 
and as heavy as they should be. This is due to the advent of 
the monsoon and the heavy rainfall leading to waterlogged soil, 
drainage being insufficient to remove it rapidly enough. 

Many times emphasis has been laid upon a form of cultiva- 
tion that in clay soil districts having a heavy rainfall is often 
practised, and that is light hoeing when the soil is thoroughly 
wet. It has been the writer’s misfortune to see hoeing being 
dune on a clay soil whilst heavy rain was actually falling and had 
been doing so for some hours during the monsoon period and 
when the soil would certainly be nearly saturated. It has been 
repeatedly pointed out that this puddles the soil and effectually 
prevents proper drainage and aeration. The reason for doing 
this that is often given is to find employment for the coolies, but 
it is surely possible to find a form of cultivation, ?. e., forking or 
hand weeding that shall not be doing damage to the soil ; drain- 
age also can generally be improved, and this work is easy during 
the rains, 
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A form of cultivation that is with great advantage employed 
on tea gardens is trenching and this does a very great amount of 
good in ameliorating soil conditions, but there are certain points 
to be noted in this connection. On sloping land if trenches are 
made on the contour they act as catch water drains and on heavy 
soils or soils not sufhciently well drained may and do cause the 
retention of water in the soil during the wet weather. On the other 
hand trenches cut at right angles to the drains and to within (i 
inches of the drain sides greatly assist the removal of water. An 
effective and satisfactory manner of improving drainage on soils 
where the permanent water level is w^ell below the surface is by 
growing deep rooting trees. What particular kind of tree should 
be planted needs the careful attention of garden managers. For 
instance, on some gardens Sail trees do well and the root system 
develops deeply, but in other cases it dcvelojjs almost entirely on 
the surface and the tea in consequence usually sullers, or gains 
but very little benefit. In another instance that came before the 
wn'iter rain trees (^F^ithecolobiu'in samaa') were exerting a very 
beneticial influence on the tea by breaking nj) the subsoil and 
causing the tea to take deeper root, and by improving the soil 
drainage, yet this tree as a rule docs not have any good effect 
upon tea. In areas in which drains are about to be made it is of 
essential importance in most places that correct levels be first 
obtained by means of surveying instruments. It is impossible 
on gently sloping or undulating land to determine by the eye the 
most suitable direction for the drains. It is also of importance 
that ^Yhen drains arc made they should be at a proper dis- 
tance apart* Drains cut too far apart are often seen, with the 
result that the area is not efliciently drained. On heavy soil 
drains need to be cut at 20 feet distance, beyond this distance 
they are too far apart. On lighter soils the distance can be 
increased, but drains cut further than 40 feet apart cannot usually 
do the work required of them. The depth of drains is also 
another matter of great importance and 3 feet appears to be the 
minimum depth of practical advantage. When first draining a 
water-logged section in which the roots are shallow^ it is not always 
desirable to cut the drains to the full depth at once. They 
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should be made in the first 3’ear to a depth six inches below the 
root depth and each succeeding year deepened until a minimum 
of three feet is obtained. If made to the full depth at once the 
bushes are liable to suffer until the roots have grown downwards. 
Another point that needs to be remembered is that drains once 
made do not efficiently perform their duties for ever. The 
movement of the soil water towards the drains carries with it 
the finer clay particles of the soils, and these gradually accumulate 
at the drain sides until the interstices of the soil become largely 
filled in by such small particles and the rate of movement of 
w^ater through the soil close to the drain side becomes very much 
restricted. This happens more rapidly in soils containing large 
quantities of clay and is not so noticeable in soils where the finer 
particles of soil are absent. In such cases it is necessary to cut 
new drains in the adjacent line of tea and when the sides of the 
new drains in their turn become clogged another drain can again 
be cut in the original line. 

In the tea districts the form of drains used has been 
almost entirely confined to open drains, but another form of 
drainage which has met witli marked success in many countries 
is that known as tile drainage. It has not found use in tea 
largely because oj the initial expense, but it has certain definite 
advantages. One of great importance is the elimination of wash 
on slopes. The tiles being buried beneath the surface of the soil 
do not interfere with cultivation. This form of drainage, if tiles 
can be locally obtained, is worthy of careful consideration. 

A little book that has recently been published entitled 
“Drainage for Plantations” by Claud Bald will be of interest to 
planters in this connection. 


P, H. C. 
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Nowadays, when every Tea Planter is considering restric- 
tion of crop and rediictioii in ex])enditure, the question of 
manuring becomes extremely complicated. In most cases, the 
addition of manure is made with the object of obtaining a return 
the same season in the form of an increased crop. From this 
point of view, manuring at the present time will naturally not 
be undertaken. However, from another standpoint the question 
is quite different. On many gardens the soil has been “made ” 
by years of hard work and careful consideration. A silt is not 
rendered tractable, nor a cl a}' lightened, nor a sterile sand made 
fertile in one season. The work stretching over years is conti- 
nuous, and soil which has been got into “good heart” should 
not be allowed to deteriorate because of the state of the tea 
market. A soil in good condition is the garden’s greatest asset, 
which should not be allowed to suffer depreciation. Organic 
matter always, and fretjuently lime and phosphoric acid also, are 
necessary for the maintenance of condition. The most expen- 
sive item of a manuring programme, nitrogen, may generally be 
left out when immediate leaf production is not required : but 
some nitrogen should, if financially ])Ossible, be ap]>lied to cut- 
back tea. 

In the present state of the tea market, manuring should be 
confined to the minimum necessary to maintain the soil and 
bushes in good condition and it is of course necessary that the 
cost of such manuring should be as low as possible. It is the 
object of this article to enumerate those locally available manures 
which are relati\'ely chea]), and to indicate the most economical 
methods of application. 

Cattle Manure . — With the idea of permanently improving 
the soil our thoughts naturally turn to cattle manure, which 
can frequently be obtained on the spot at a low cost, It is 
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interesting here to note some oH the remarks made by Dr. E. J. 
Russel, F.K.S., at a meeting of the Farmers’ Chib on 31st May 
1920. 

Not many years ago it used to be the custom for certain 
representatives of agricultural science to extol the virtues of 
artificial manures, while farmers, on the other hand, stoutly 
maintained the superiority of farmyard manure. In recent years 
the position has changed. It is now the scientific worker who 
emphasises the importance of farmyard manure and the need for 
making and storing it properly. Farmyard manure and artifi- 
cial fertilisers do not compete with one another ; they serve 
quite different purposes in the soil. No farmer can do \Yithout 
artificials, no matter how much farmyard manure he may have 
ar his disposal, and conversely, no arable farmer, except in a few 
special districts, would like to do without farmyard manure, 
even if he could have unlimited supplies of artificials at very low 
prices. The best results arc always obtained on arable land by 
proper combinations of farmyard and artificial manures although 
on grazing land farmvard manure may not act well. 

So far as is at present known, the effects produced by farm- 
yard manure in the soil are three : — 

1. To supply nitrogen and jx)tash to the plant. 

2. To improve the physical condition of the soil, and 

thus increase its capacity for going into a good 
tilth and holding water. Tlie effect of this is to 
steady the } ield. 

3. To assist some of the micro-organisms of the soil. 

Only in the first of these is there any competition witli 
artificial fertilisers, and even here the competition is restricted, 
because artificials usually exert their full action on the crop to 
which they are applied, while farmyard manure does not.” 

The loss of the urine from cattle manure as usually collected 
in Assam, renders it of very small value as a potash manure, but 
of much greater value as a jdiospliatic manure than it is in 
England, 
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The chief effect of cattle mrmiu’e i.s seen in the tilth of the 
Boil. On a heavy soil the maunre may be added as soon as 
collected, but on light soil It should be well rotted, otherwise its 
effect may be to render the soil still more ‘‘ open.” Well rotted 
‘'humus*' will on the contrary exert a beneficial “binding” 
action on such soils, 

A question w'liich follows is that concerning the most effi- 
cient storage of cattle manure. On this subject Agricultural 
Chemists have not yet come to a final decision, but it is clear 
that during the making, it r^liuiild he kept from exposure to the 
weather and sliould be covered by a roof or a layer of earth. It 
should also be kept as tightly compaeled as possible. It is 
estimated that in Cnglaiid, at ])rGsent prices, the value of cattle 
manure is increased by about ox. per ton, I: ringing the total value 
to lox. ])er ton, by the provision of a shelter. 

The composition of cattle manure varies so greativ accord- 
ing to the metliods of collection and storage that it is difficult to 
fix any average, but as delivered on the garden it will have 
approximately a value of about -1 annas per maund, and as it can 
generally be obtained at very much less cost, its use will prove 
economical com])ared to imj^orted manures. As pointed out in a 
])revious number of this Journal, cattle tnamire is commonly 
applied to tea in doses too large. In economical use, it will l)e 
appUc<l at not more tliau o tons per acre. 

Sucli an applicatiori will not result in any rush of leaf, nor 
wdll it render hushes more liable to l)ligiit attack, but will secure 
the soil from deterioration. 

A full account of cattle inanuie, its making and storage was 
given in (Jnartcrly Journal Part III, 11)18. 

Oil Cale . — The next most common local tnamire is oil cake. 
Its use at ])rcsent^ hou'ever, is not advised, not only because of 
its liigh ))rice, but also l)eeause its chief function is to increase 
the nitrogen supjJy and hence the leaf. Where nitpggoii is 
essential however it may pay to use oil cake where obtainalile at 
less than Rs, J per inauud. The nitrogen content is usually 
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about 4 1 per cent. The latest prices of artiticial nitrogenous 
manures work out to about Rs. 18 per unit of nitrogen. At this 
rate oil cake would be worth Ks. 81 per ton, about Ks. 3 per 
inaund, or rather more on account of its content of organic 
matter and a small percentage of phosphoric acid. 

Recent experience at Tocklai has shown that its action may 
be very slow. In the case referred to, the locally bought cake 
contained an abnormally high oil content of 15 per cent. Its 
rate of decomposition and consequent rapidity of action would 
be increased if used in conjunction with lime or wood ashes, and 
it is also helpful to use very small (quantities of cattle manure 
with it. 

Jl ood As](€>i . — A local manure of great value, yet generally 
neglected, is wood ashes. If coolies could be induced to bring 
in ashes from the lines, a very efficient manure at low cost 
would be obtained. Clean wood ashes would probably average 
about 10 per cent. })Otash and 5 per cent, phosphoric acid 
besides some lime. Line ashes , which are mixed with earth 
would contain possibly half these values. Tea soils are usually 
well supplied with potash, but with cut-back tea an extra supply 
is particularly useful. The potash is present as carbonate, which 
salt, together Avith some lime, reduces the soil acidity. The 
charcoal present in the ashes greatly improves the soil tilth and 
probably has some more complicated action. Tims, by virtue of 
the great surface, charcoal, which still retains the cellular struc- 
ture of the original wood, is capable of absorbing and storing 
ammonia Avhich Avould otherwise escape and be lost to the plant. 
There is also evidence to support the idea that charcoal removes 
soil toxins. Wood ashes followed by a green crop is an ideal 
treatment for improving the soil condition. 

Assuming that line wood ashes contain 5 i>ei* cent, potash 
their present value (taking the value of potash as Ks. 8 per unit) 
on this couslltuent alone is about Ks. 1-6 per maund, and it 
would certainly be profitable to pay anything less than this sum 
to induce coolies to bring in Avood ashes. 
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Coal Ashes . — Coal ashes cannot be used as a manure. Analy- 
ses carried out at Tocklai have shown that they contain sulphur 
in various combinations poisonous to the plant. Exposure to 
the air brings about the oxidation and destruction of these com- 
pounds, but even then the fused glass-like substances (clinker) 
which make up the bulk are useless as manure, and the most 
economical use of such material is to put it on the roads. 

Soot , — Sometimes limited quantities of factory soot are 
available. Household soot may contain up to 7 per cent, ammonia. 
Factory soot may contain as little as i per cent, nitrogen, but 
that is aa much as is contained by average cattle manure. Soot 
contains its nitrogen in a very readily available form and also 
exerts a good mechanical effect on clay soils. 

Bones . — Some tea companies are now paying Re. 1 per maund 
for bones which after crushing are used as a manure. Bone 
meal now costs about Rs. 5 per maund. Experiments at Bor- 
bhetta have shown that bones even when in pieces measuring 
from a half to two inches in length are still effective, though 
much slower in action than finely ground bone. 

Jungle. — Green jungle contains all the potash, phosphates 
and lime which are found in wood ashes, together with nitro- 
genous and organic matter which the latter, of course, lack. The 
nitrogen averages about O’Od per cent, of the total green stuff 
and this, with other constituents has been proved at Borbhetta to 
be in a form readily available, so that it could be used for cut- 
back tea. Similar, of course, is the action of green manures, 
though in this case the tea suffers during the time the green crop 
is growing. 

Three tons per acre of cut green jungle (excluding wood 
more than finger thick) will be about the required dressing. 

As a manure for cut-back tea it should be hoed in, in the 
spring, 60 as to be lightly covered with soil. 

U7isaleahle Ten.— -It has been suggested that low grade tea, 
the sale of which does not pay for boxes and carriage, may be 
used as manure. 
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Tea, of course, contains the valuable constituent caffeine 
which could easily be extracted on the garden. As however the 
market for this substance is very limited, it would become value- 
less i£ a large supply were thrown onto the market, and the 
manufacture of caffeine in India on any scale would mean the 
loss o£ the Americui market tor tea unht for human consump- 
tion. 


It is possible, therefore, that caffeine manufacture does not 
offer any very bright prospects. Waste tea, assuming it to con- 
tain about 2 per cent, nitrogen, TJ- per cent, potash and | ])er 
cent phosphoric acid would be worth about Us. 50 per ton as 
manure, or about 4 pies per lb. only. Its use as manure there- 
fore can only be justified when its sale would result in a profit 
of less than 4 ]ues per lb. Its value to the bush will he verv 
much greater, if by liner ] ducking, the ])oor quality leaf is left 
on the bush, when it will function as an active provider of 
manufactured food. 


Average Dressings, 


For maintaining soil in good condition : — 


(1) Cattle manure 5 tons per acre, applied at anv time 
when labour i.s available. 


(2) Bone Meal 
green crop 

(3) Wood ashes 
green crop 


... raaunds 

...8 iiiauiids 



(4) or where phosphates are not greatly required, (e.g. 

many Dooars gardens.) 

green crop only ... ... about April. 

(5) Green jangle or a specially grown green crop, trench- 

ed in. This is of very great value on hcav^y soils, 
or soils in which a pan has formed. 
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Fov cui-lack tea — 

(1) Cattle manure 5 to 
Wood ashes 


(2) Soot 
Wood ashes 

(3) Green jungle 

(4) (a) Oil cake 

Wood ashes ... 

(6) Oil cake 

Cattle manure 
Wood ashes ... 


10 tons p, acre ( 
5 mds. p, acre ) 

2 tons p. acre 
10 mds. p. acrej 


any time, probab- 
ly best before 
cutting down. 

about April. 


3 tons p. acre about March. 

5 mds. p. acre . 

5 mds, p. acre ) 


4 mds. p. acre 
J ton p. acre 

5 mds. p. acre 


mixed immediate’ 
ly before appli- 
cation and ap- 
plied about Mar. 


(5) Unsaleable tea ... 12 mds. p. acre about March. 


C. K. II. 



TEMPORARILY ABANDONED TEA. 


The simplest method of reducing crop is to stop plucking 
certain areas. If such areas are kept in cultivation the gain in 
the vigour of the bushes will be very great, and this method of 
improving the weakest sections is recommended to those gardens 
which can afford it. In many cases, however, expenditure on 
areas yielding no immediate return will be financially impossible, 
and such expenditure is in any case a consideration. 

It is well to consider, therefore, what will be the effect of 
temporarily abandoning tea altogether. 

In the first place the effect on the soil of leaving it uncul- 
tivated, will do nothing but good. The root action of the 
resulting jungle, the addition of humus due to such vegetation 
as dies and decays, and the entire absence of the puddling effect 
of heavy rain and of cultivation when wet, will result in a great 
improvement in the “ richness ” and the tilth of the soil. 

But the effect of the competition of the jungle for water 
and food, and the poisonous effect of so many plants crowded 
into its neighbourhood, will do so much damage to the bush that, 
if such conditions persist for long, recovery when the jungle is 
removed may be very slow. 

Of even more importance Is the probability of the establish- 
ment of undesirable weeds in the area. Among the weeds which 
will certainly establish themselves are various grasses with deep 
long underground stems, such as thatch {Imperaia arundinaccan) ^ 
and Kohuan grass {Saccharum spontaneum). Quick growing 
trees, and shrubs such as ‘‘Futuka” or ^^xcild rhododendron^' 
{Melasioma) will also establish themselves in a single season. 

Apart from the labour involved in digging out shrubs and 
small trees, it would in many cases require years of cultivation 
and green cropping to free, from undesirable weeds, land which 
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had been allowed to relapse into jungle. To prevent this state 
of affairs it will be desirable to establish, among the tea, plants 
which possess if possible all the following properties 

(1) Easy removal when required. 

(2) Rapid and vigorous habit of growth which will enable 

the plant to complete with and suppress jungle. 

(3) It should be a tall plant, because tea does not suffer 

from shade unless it be very dense, and actually 
benefits from light shade, while shade will keep 
down the worse types of jungle. Low-growing 
plants, such as cowpeas, etc., will not keep down 
the growth of tall grasses, which would grow 
through and above the low plant, and a low plant 
growing into the tea bush will do it more damage 
than a tall plant branching above it. 

(4) It should be a leguminous plant which will not only 

be largely self-supporting in respect of nitrogen, 
but will also actually enrich the soil in this respect. 

(5) It should, if possible, provide a crop of some mone- 

tary value, but in the case under consideration this 
is of minor im]X)rtance, since if the crop produced 
is of considerable value, inter- cultivation and other 
attention can be afforded for the area. 

The plant which most nearly fulfils all these conditions is Arhnr 
{Cajanus indicus). Boga medeloa {Tephrosia Candida) is gene- 
rally not so rapid in growth, but might be substituted on poorer 
soils where Rahar does not grow vigorously. 

Dhaincha {Sei>ba7iia aculeaia) would do quite well for one 
year, but would not often be very satisfactory if it had to be 
left for a second season. 

Neither of the latter provide a seed crop of any value, while 
a crop of value as food would always be obtained from Arhar, 
although in many districts insect attack may render the crop a 
small one. 
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Indigo, ulthough not so qulck-growing oi’ hardy, also fulfils 
the necessary conditions very fairly ; but the crop whether of 
leaf for mauufacture of dye, or of seed for sale or for future use, 
is of sufficiently high value to warrant more expense and atten- 
tion than is contemplated in the case of the other plants. 

Sowing should be in every line, at the rate of about 4 seers 
per acre. Land should be clean at time of sowing ; and sowing 
should anticipate the early rain, probably March would generally 
prove best. 

At this seed rate the plants would be closer than necessary 
and it would be advantageous to thin out to about 6" apart when 
the plants reach the height of the bushes. The plants pulled 
out should be left on the surface of the soil, and this mulch w ill 
l^e of considerable assistance in keeping down weeds. 

If it is decided that the planting of green crop among the 
tea is too expensive, some effort to keep down the jungle should 
still be made. 

Probably it would prove cheapest, and at the same time 
fairly efficacious, if the jungle were sickled whenever it reaches 
the height of the tea. The cut jungle should be left lying on 
the ground between the bushes. 

In bushes so left unplucked, particularly if heavily shaded, 
it is to be expected that “ sides ” will be ak>)gether lost. When 
the area is again taken into cultivation, it is probable that the 
brunches approaching the horizontal will have eitlier died or 
become so weak that they are better cut awa 3 \ Since sections 
showing healthy, flushing sides will probabl}^ not be chosen for 
abandonment, it is probable that this loss of sides will prove of 
little practical importance ; and the small number of nearly 
perpendicular, straight, healthy branches will provide a fine 
framework on which to build up a healthy wide bush. 

H. R. C. 



REDUCTION AND RETRENCHMENT FROM THE 
ENTOMOLOGICAL POINT OF VIEW. 


One year ago tlic writer committer] liim.sclE to the statement 
that this Scientific Department “exists ffC’ no other purpose 
“ than that of co-operating with those ccnccrncd in production 
“with a view to maintaining the quantity and quality of the 
“ product at as high a level as possible.” * 

Nothing can emphasize tlie rashness of committing oneself 
to anything more tlian tlie fact that this same Department now 
finds itself considering ways and means of reducing output — a 
form of activity quite foreign to precedent, and one which 
necessitates the adoption of an entirely opposite policy. All 
must deplore the necessity for such a volte face^ but this fact 
should not prevent iis from giving the matter even more careful 
consideration tlian has been given to increase of production in the 
past. It is much easier to decrease than to increase production 

bat — we all know our Brahmaputra ; and while we know 

that ]>ronTCSS is more rapid down stream than up let us not 
forget that the difficulties of navigation between the shoals are 
greater. 

One of the possible effects of decreased expenditure on a 
tea estate which must never be lost sight of is that winch it will 
have on the insect enemies of tlie plant. The fact that where, 
work has been best in the past our insect enemies are least 
troublesome requires no advertisement, and makes it obvious 
that if retrenchment be carried (uit cnrclessly damage is bound 
to accrue. On the other hand, at a time when a slight loss of 
crop is a matter of little moment, the planter is placed in a 
position whereby, with the exercise of a little care, he might be 
.able to exert a considerable inilueiicc over his insect enemies, 

which will be of benefit later on. 

’ ^Fn^nlTeTAssociation, Scientitic Department guartorly Journal, 1010, page 
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There is a tendency, at a time like this, to contemplate the 
intervention of an insect pest with comparative equanimity — the 
man whose garden is not attacked may even regard it as provi- 
dential — but it would be deplorable if, when the good times 
come later, it should be found that onr insect enemies have 
gained such an ascendancy as to prevent our taking full advant- 
age of the return to better conditiojis, 

A difficulty besets one at the outset. Will the season 1921 
be favourable or unfavourable for tea ? Should it be favour- 
able, well and good, but an unfavourable season, coming at a 
time when a policy calculated to reduce crop has been pursued, 
might render it impossible to make even the reduced estimate. 
There is admittedly a risk, but wliile it might, at a certain stage 
of the game, be advisable to exchange pawns, it may be laid 
down that as a general rule it is more profitable to exchange a 
bishop for a queen. Moreover, if it has been decided to pluck 
certain areas very sparingly, there is always the possibility of 
taking a little more from them later to make up a deficiency. 

In adjusting one’s policy of retrenchment and decreased 
production to meet the requirements of the entomological point 
of view as far as possible, one fundamental fact should be kept 
in mind. In its natural state tea can, and does, compete success- 
fully with its insect enemies, and achieves the object of its 
existence, which is the production of seed. Even our arch enemy 
the tea mosquito has no terrors for the oivner of a sccd-bari. By 
stimulating the bush to produce leaf unnatural conditions have 
been brought about wiiich reduce tlie plant’s power of resistance, 
and the more leaf the bush is stimulated to produce, tlie greater 
the departure from natural conditions and the less its jiower of 
resistance to attack by ])csts and blights. The writer ivas 
recently shown a section of tea, on a garden in the Duars which 
suffers badly from iiios(|uito blight, ivhich, in a yeai' of compara- 
tive freedom from blight, is said to have given 10 maunds of 
piicca tea per acre. The bushes were old, and for the most part 
poor, China bushes. There must have been 30 per cent, of 
vacancies and at least 30 per cent of the bushes were nominal 
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vacancies.* Such tea, in a disti'lct like the Jorhat district, where 
mosquito blight, though present, is not a factor in production, 
would give, at the utmost, d niaunds in the most favourable 
year. Cases of this description are of ft'C(|uent occarrence, and 
there is more than one instance o[ a garden which, pursuing a 
more or less old-fashioned |)olicy, maintains a steady average 
outturn and reniaius free from mosquito blight, ^vliile neigh- 
bouring gardens, more ii]>to-date, and producing very high out- 
turns in some years, in other years suffer very seriously from 
attack by the pest. 

Now it has been found in America in the case of fruit trees 
that trees wliich are alhwved to remain in a state of nature for a 
year or two will become almost five from certain scale insects 
wliich attack them severely after tbev lla^■e been cultivated for a 
few years. Trees so left can be brought back into cultivation and 
made to give hea\y crops for four or live ^ears. vhen the scale 
insects will again gain the upj)er hand and the trees are left 
again. Such a t)olicy, rnoditied to suit the circumstances, might 
be pursued with some advantage in the case of estates which 
suffer badly from mosquito blight. I bally affected areas might: 
be loft un])runed, unpluokcd, and uncultivated, either wludly or 
in part. The area should, hcovcver, be by no means abandoned. 
It might probably be necessary to jduck the ceaLres of the bushes 
lightly, to prove lit them from growing up at the expense of the 
sides. It would certainly be advisable to sickle tiie jungle at 
intervals, to admit light and air to the bushes and prevent the 
sides from being smothered. Such a rest would do much to 
increase the ponvuvs of resistance of the bushes to attack by 
sucking insects, 

A further suggestion one would like to see carried out in 
the case of a mosquito-blighted area is to burn the pruniugs. not 
on the road side, but between the lines of tea. One has heard 
of this being done with success in the past, but since it could 
not be explained why the insects should not afterwards izet into 
the area from round about, and since the treatment appeared to 

nnproauctivo bushels, 
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be somewhat drastic, the idea made small appeal. We have 
recently found, however, that land on which fires have been 
lighted before being planted with tea gives extraordinarily 
vigorous plants. This seems to indicate that the partial sterilisa- 
tion of the soil produced by the heat of the fire is beneficial, and 
this may very probably have been the cause of the successful 
results referred to above. Under present conditions, also, the 
objection to tiie burning of the bushes disappears, since a slight 
loss of crop is of no moment, and tea generally recovers remark- 
ably well from fire. 

Another practice which miglit be discontinued is the re- 
prehensible one of taking off the young shoots and buds “ before 
the mosquito gets them.’’ The bushes ma}^ or may not come 
through if left, but they at leas.tgeta rest and a chance, of which 
they very often a\'ail tliemseh'Cs, udjile if young shoots are being 
removed by the })I ackers as well ns being nipped by the insects 
the bushes get no rest and no chance. 

The above suggestions will probiibly commend themselves 
little, if at all, to many. They are, of course, largely experi- 
mental, and perhaps, in the case of the first two at any rate, only 
the existence of an abnormal state of affairs like the present 
would justify their adoption. It does seem, however, that wuth 
a market Bucii as the ])resGnt one, on which only the best teas 
command a sale, it is false j)olicy to continue to make as much 
tea as possible early in the season, before mosquito gets it, with 
the accompanying certainty of making no autumnal teas. 

Before leaving this subject one danger of leaving part of 
the area un pruned, un plucked, and uncultivated must be pointed 
out That danger is the advantage which will thereby be given to 
pests over whicii a considerable control is exercised in the ordinary 
way by the operations of pruning and cultivation. Pests such 
as borers, luo])er, faggot and bag- worms, in fact all caterpillar 
pests, and termites will be given every encouragement by .such 
conditions. They wall not kill the bushes by any meanaj but 
unless they are watched they might very well undo much that 
is the result of careful work in the past. In practice, therefore, 
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it will probably not always be possible to avoid cultivation 
altogether, or even a certain amount o£ pruning, Sliould looper 
make its appearance, for instance, it would be advisable to put 
in a hoe after the caterpillars had disappeared, as otherwise the 
pupae would be left undisturbed in the ground to attain matu- 
rity, and the adults w'ould be enabled to infest other parts of the 
area. Borers, likewise, would have to be cut out, or they would 
increase in numbers and spread to other parts. Termites would 
not do much damage in the rains, but a thully in the cold w’ea- 
ther, and again at the end of the rains, would probably be 
advisable. In such matters as this a garden manager would 
have to exercise his own discretion. 

Mention of termites draws attention to a common practice 
in termite-infested areas. It is generally recognised that it is 
advisable to cut out termite- ridden branches, but branches which 
are not yet so badly damaged as not to give leaf are often left 
with the idea of getting a little more leaf from them before 
removing them. This means that the insects are left for ano- 
ther season in a position whence they can readily extend their 
depredations to the base of neighbouring sound branches, and 
by gradually interfering with the proper flow of sap into those 
branches, render them moribund and in a fit state for attack. 
At such a time as this it would seem advisable to remove such 
branches wfiieti pruning. There will then be a certain loss of 
crop during this period of crop reduction but in the meantime 
new branches will be forming against the coming period of full 
production. 

The above suggestions for taking advantage of the needs of 
the moment and exercising means of insect control which would 
not be practised in normal times are not, of course, of general 
application, but are suited to a few particular cases. It is 
more than probable that on the majority of gardens the 
necessary reduction in crop will be readily effected by a system 
of finer plucking, with its accompanying advantage of the 
production of a higher proportion of better grade teas, and that 
reduction in expenditure, if brought into operation, will be 
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general over the estate, and result in cheaper pruning aud 
cultivation, and less manuring. This being so, it behoves one 
to consider the probable results of such a policy in so far as the 
incidence of insect pests is concerned, and the possil)ility of 
ameliorating any harmful effects which may arise. 

Finer plucking may be carried cut in two ways. Finer leaf 
may be plucked as soon as ready, or tlie liner portions of more 
mature leaf may be plucked, leaving the remainder on the bush. 
The former method will take more out of the bush, the latter 
method will take less out of the bush. Since the former method 
results in forcing the bush to a greater extent than the latter, 
it may be expected, as is indeed known from experience, that 
pests like red spider, tea mosquito, and green fly will, should 
they occur, have a greater effect on the plant From entomolo- 
gical, as well as general reasons, therefore, the latter method 
is to be advocated. 

Cheaper pruuiiig will, of course, tend to bad workmansliip. 
Bad workmanship means snags, followed by bark -eating and 
other borers, termites, etc. Bad priuiing is ordinarily least 
harmful in high -pruned tea. Any saving in expenditure should 
thereforejae made on the high -pruned sections, and 7iot on iJie 
low and medium- pruned sections. It is of tlie utmost inqior- 
tunce, when heavy-] trni dug tea, to cut out bad wood as far as 
possible. Apart i'roiii the general trutli that unsouml branches 
can never be exj^ected to give thorough]}' healthy shoots, bad 
wood is always attacked by some insect or otlier, water collects 
in it, and fungi breed on it. Not only so, but the insects and 
fungi present on it are in a position to sap the vitality from 
neighbouring branches. It may be, that on some estates where 
a policy of renovation is being followed, it will be decided tiuit 
at a time like this a larger area may be cut down than was 
originally intended. It should not be forgotten that medium and 
heavy pruning requires a good deal of supervision, and tliat it 
is much harder on the cooly than light pruning. The larger the 
area being cut down, the greater the chance of bad work, and 
of the work being overlooked, more especially at a time when 
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economy is a primary consideration, and there may be a tendency 
to make money go further than usual. 

One would lay considerable emphasis on this question of 
pruning. It is not difficult to foresee a distinct increase in the 
depredations of borers, bark-eaters, and termites unless care be 
exercised. There is first of all the tendency to economise. Then 
comes the tendency to take advantage oE the present situation 
and cut down a larger area. These two propositions are diardly 
compatible. If expenditure on pruning must be kept dowm, it 
sliould be done by cutting down a smaller area, and still doing it 
well, and not by endeavouring to prune at a smaller cost per 
acre. The personal equation will come into this matter, too. 
In former times the desire to obtain as large a crop as possible 
was an inducement to get the pruning done in such a way as to 
make sure of giving the bush every chance to yield. This in- 
(lucement has now l)y no means the force it had, for, be as con- 
scientious as one will, it is difficult to gi\ c the same care to things 
which do not matter very mncli as to tliose tliat do, and with 
coolies in their present unsettled state it is not always easy to 
press matters. 

Economv in cultivation is not likely to do so much harm 
ns economy in pruning, but reducing the number of hoes, or 
neglecting to fork round the buslics, will undoubtedly reunlt in 
an increase in the niimlicr of those insects which pass some part 
of their lifediistory in tlic ground. Forking and thuilying, more 
especially in teriiiite-infcstcd areas, should be continued as far ns 
possildc. The drought of 11M9 gave termites an op]>ortnnity 
of establishing themselves very firmly in the tea, an opi)ortaniry 
of which they appear to iiave taken full advantage, and if forking 
or th ul 1)0 ng be dropped no>v the results might be serious. By 
forking and thuilying, too, even tliough they are not collected, 
the chrysalids of such pests as the looper, sandwich caterpillar, 
etc., are destroyed in large numbers. 

One would rather, si)Gaking strictly as an entomologist, see 
two rounds of hoeing missed tluui one round of thuilying or 
forking, not only because of the nature of the operation, but 
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because of the time of year at which it is done. In places 
where looper and sandwich caterpillar are of importance as pests, 
it will be more important than ever, with a reduction in the 
number of light hoes put in during the season, to keep a con- 
stant observation on the behaviour of these insects and arrange, 
as far as possible, to put in the hoe at a time when the insects 
are found to have left the bushes and gone into the ground. 
One thing more, outside the province of the Entomologist, but 
within that of the Deputy Chief Scientific Officer. This depart- 
ment has for some time advocated that the hoeing of heavy 
soils in the rain should be avoided as far as possible. What an 
opportunity for an intelligent application of the true principles 
of economy ! 

Reduction in expenditure on manurlDg will doubtless be 
almost universal. Such expenditure as is incurred will, or at 
any rate, should be incurred with the idea, not of forcing high 
yields from the bushes, but of getting the soil into as good 
fettle as possible against the time when leaf is to be forced 
through once more. Attention will therefore probably be 
directed to the application of phosphoric acid and potash rather 
than nitrogen. Such a change will be of vast benefit to the 
bushes, for excessive nitrogenous manuring has a great tendency 
to increase the liability of the bushes to disease, and there is no 
doubt that continued nitrogenous manuring is one of the con- 
tributing factors to the increase that has been observed in the 
spread of certain diseases of tea. There is no doubt, either, that 
nitrogenous manuring will be largely resumed on the return 
of normal conditions. Nitrogen is necessary if leaf is to be 
forced through, and one does not revert to beef from an ox fed 
at grass because the stall-fed ox is more delicate. At the same 
time, by a judicious use of manures other than nitrogenous 
during this period of depression it will be possible to counteract 
many of the ill effects of over-manuring with nitrogen, and to 
restore to the bushes some of the hardiness and resistance to 
pests and diseases that they possessed before this intensive 
manuring was undertaken. 
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This short note may be considered unsatisfactory in that no 
hard and fast rules have been laid down as to the lines on which 
crop reduction and retrenchment should be carried out. Condi- 
tions vary to such an extent tliat it is not possible. One can only 
bring forward points worthy of consideration, the practical 
application of which must be considered by each planter from 
his own point of view. One can, however, lay emphasis on a 
few points : — 

Don’t let fine j)luc‘king be carried out in such a way as to 
take more out of tlie busli. 

Don’t save money on middle and heavy pruning, unless 
it he done by pruning a smaller area. 

Don’t dispense with cold weather forking and thullylng 
if it can ]wssil)ly be avoided. 

Don’t forget that wliile a decrease in the amount of 
cultivation may favour the multiplication of caterpil' 
lar and beetle ]>ests, a judicious control over the 
times at which the hoe is used will do much to 
mitigate it. 

Don’t forget, when applying manures, that an opportunity 
is now afforded for increasing the hardiness of the 
plants, for which purpose forcing manures are not 
of value. 


E. A. A. 
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In (Quarterly Journal 1920 Part IIj page 49, are given the 
results ol manuring of green crops both in the year of applica- 
tion of the manures, and iu tlie following year. 

Below are discussed the residual effects during 1920, the 
third season after application. 

The residual effects are very great and it is clear that a 
single a])plication of certain manures has effected an increase of 
fertility which will extend over many years. 

In the table previously given the sum of the two crops groVn 
in 1919 was given. In the table below, the average weight of 
one six weeks crop is given in order to show the variation of 
the crop with the season. All figures of previous years have 
been very carefully checked, and an arithmetical error which 
occurred in the Table quoted in Part II, has been corrected. 


Crop in tong per acre. 


MaN'CBING. 


j 1918. 

1910. 

1920. 


1 

r! 

275) 


79^ 


0-82 ^ 


Check plots 


2-62 

2 83 

•53 

■82 

0 71 

•97 

1 

3-12j 


M3 J 


1*38 J 



800 lbs.| 

2-05) 


1-04) 


1-65 


Slaked lime 

... 

245, 

2-25 

... 

1-23, 

M8 

2 •12, 

1-80 

1 

Crushed limestone 

1,200 lbs. 


2 79 


M5 

... 

2-21 

Slaked lime 

800 lbs. 


,3'05 

1*38 

-M2 

roi 

■ 1-80 

Sulphate of ammonia 

150 

2-95 J 

0-80 J 

1-G8J 

Crushed limestone 
Sulphate of ammonia 

... 1.200 lbs. 1 

150 „ / 


316 


1-22 


2-54 

Carhonute of magnesia 

900 lbs. ' 1 ^ 
r 

3'34' 

1 

1 44] 

1 

2-10' 

1 

1-08 

l334 

0*36 ' 

[ 1-39 

1*52 

[ 1-89 

Sulphate of ammonia 

... 150 „ ) 

3-34 , 

1 

1 35 J 

1 

l-Gl, 

1 

Slaked lime 

800 lbs. 

3 07' 

1 

1-78' 

) 

2'.501 

I 

Sulphate of ammonia 

150 „ 


[3*12 


[1*50 


[2-30 

Sulphate of potash 

... 75 j, 

377. 

) 

124, 

) 

2 05, 

1 
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Crop in tons per acre. 

Man UR I NO. 









1018. 

1919. 

1920. 

Crushed limestone 

1,200 lbs.) 




1 

i 


Sulphate of ammonia 

150 „ 


3'53 


185 ' 

... 239 

Sulphate of potash 

75 „ j 




! 


Slaked lime 

1,200 lbs. 

0-:i2'j 


1'43'j 

1 

3 0M 

Sulphate of ammonia 

150 „ 

... 

0-30 

... 

1-33 J 

... 13-50 

SULPHATE OF POTASH.., 

8,200 lbs. 

1 0'4Oj 



1 

1 

3’99 J 

Crushed limestone 

800 lbs. ) 




1 


Sulphate of ammonia 

150 > 


0 74 


FBI 

... 3-60 

SULPUATK OF POTASH... 

8,200 ,, ) 

1 





Slaked lime 

Nitrate of potash 

8(i0 lbs. 
50 „ 

; 2T0 

1 2’7:5 

2-70 

M3 

U42j 

1-28 ■ 


Slaked lime 

SCO ll^s. 1 


2-04 


2-53 

... 

NITRATE OF POT.\SH .. 

2,5n0 j 



Slaked lima 

800 lbs. 

08 


1 34 


i 2-43 1 
! ... 12-21 

Sulphate of aniuionia 

150 


1 4‘22 


1-25 

Superphospljata... 

150 „ 

4 70 ^ 

) 

M7 

J 

j l-98j 

Crushed limestone 

1,200 lbs. ) 






Sulphate of aniinonin 



4-2i; 


1 94 

* ... 2 92 

Superphosphate 

150 ,, j 





! 

Slaked lime 

SCO lbs. 

:04l 


2*11 

) 

3-39 \ 

Sulphate of ammonia 

150 


1 4'00 


1 2-14 

... 

superphosphate 

8,200 

4'78, 

) 

218 

i 

3-63 ) 

Crushed limestone 

1,200 lbs. 






Sulphate of ammonia 

150 


3-97 


.3 '8 

... .300 

SUPERPHOSPHATE 

8,200 „ 







It will Ue notod that the average cto|) (4' 11)18 was very 
much greater tliau that oC Ihlh. The very wet year was mueii 
more favourable to green crops than the very Ciirly part of the 
season Ihlh. 11)20 ^vas (|uite a favourable season, although not 
so continuously wet ns 1918, yet the 1920 crops arc still very 
greatly less than those of 1918, ipartieularly on the cheek {>lots. 

The cro])s have each year been pulled up and removed 
completely, so that fertility might be expected to decrease slowly 
from removal of })lant foods by the cro|>. If this were the only 
factor acting, the cheek ])lots shonhl decrease in fertility more 
slowly than the manured plots from which bigger crops have 
been removed, wdieroas the reverse has been the ease. 
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It will be necessary to carry on these ex])eriments for 
several more years in order to determine whether the reduced 
crops are due to season only or whether the initial fertility of the 
freshly broken grazing laud has already suffered so very rapid 
a drop in fertility from being under cultivation. 

It is noteworthy that, in spite of the more favourable season, 
the check pdots gave, in 1920, very little more than in 1919, 
so that one is inclined to the opinion that a very great decline in 
fertility of the soil has already occurred on these plots receiving 
no manure. 

On the other hand, all the plots receiving lime have shown 
very marked increases in 1920 as compared with 1919, and if 
the above assumption is correct, it follows that an a])p]ication 
of lime will arrest rapid deterioration of soil under cultivation. 

As in previous years, so in 1920 the average of the plots 
receiving crushed limestone shows an increase (amounting to 
about 14^^') over the average of the plots receiving slaked 
lime and the same other manures. 

In every combination of lime with other manures, we have in 
these experiments two plots receiving 800 lbs. per acre of 
slaked lime, and one plot receiving an e(|uivalent of crushed 
limestone. 


In considering the effects of the other manures a])art from 
that of lime, it is therefore ijuite accurate to take the average of 
these three plots, and for greater simplicity and ease of compari- 
son the averages are set down in Tabic II l)eIow which gives 
increases per cent, from each combination of inanures over the 
average crop obtained from the check plots in the same year. 


Manceing, 


Increase per cent, over check plots 


j 1918. 

1010. i 

im 

Lime only 

(equivalent to 

800 lbs. slaked lime) i 

1 

-U 


+ 105 

Lime 

Sulphate of 

(equivalent to 
ammonia 

800 lbs. slaked lime) 
150 Iba. 

ii « 

+ 02 

+ 110 
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Manuring. 


lacrease per cent over check plots 


1918. 

1919. 

1920. 

Carbonate of magnesia 

900 lbs. ) 

-f IB 

1 +71 

1 


Sulphate of ammonia 

150 lbs. (/ 

+ 95 

Lime (equivalent to 

800 IbB. slaked lima) i 1 


+ 57 

, +109 

Nitrate of potash 

50 lbs. ■ j 

— 5 

Lime (uquivaleut to 

800 lbs. slaked lime) \ 




Sulphate of aminouia 

150 lbs. 1 

+ 14 

+ 100 

+ 140 

Sulphate of potash 

75 lbs. j 


Lime (equivalent to 

800 lbs. slaked lime) a 




Sulphate of ammonia 

150 lbs. 1 

+ 49 

I +BI 

+ 153 

Superphosphate 

150 lbs. ) 


Lime (equivalent to 

NITRATE OF POTASH 

800 lbs. slaked lime) ^ ) 


+ 210 

1 +219 

2,500 lbs. j 


Lima (ei^uivalent to 

Sulphate of aninionia 

800 lbs, slaked lime) ) 
150 lbs, 1 

-83 

+ 121 

1 

1 

1 +2GG 

SULPHATE OF POTASH 

8,000 lbs. J 



Lime (eqiiivaloiit to 

Sulphate of ammonia 

800 lbs. slaked lime) 'k 
150 lbs. : [ 

+ 41 

I 

i +224 

1 

+ 2G7 

SUPERPHOSPHATE 

8,900 lbs. :J 


i 


i 


The results in 1918 and 1919 have been discussed in 
Quarterly Journal 1 918, Part IV, pan-e 100, and in Quarterly 
Journal 1920, Part II, page 48. 


It is only necessary therefore to recapitulate that in the 
year of application (1918). 

(1) lime only produced a small but definite decrease in 

crop. 

(2) applications of potash salts in every case produced a 

decrease in crop, ^vhich in the case of the enormous 
dose of sulphate of ])otash amounted to 83 per 
cent. The plant was in this case very obviously 
poisoned by the application, and hardly grew at 
all. 


(3) phosi)horic acid (as superjihosphate) gave a large 
increase in crop, the enormous dose producing an 
effect slightly less than that of the very small dose. 


EXPERIMENTS ON MANURING OF GREEN CROP?. 

In the second year (1919), results are somewhat Irregular 
the crops were poor) but it is clear that : 

(1) the slight bad effect of the lime has disappeared, and 
a definite good effect has been produced. 

(^2) magnesia has given effects similar to that of lime 
(apparently somewhat better). 

(3) sulphate of ammonia is exercising a slight residual 
good effect. 

{•!) the bad effect of ])otas]i has disappeared and a good 
effect is shown, not very delinite in the case of 
the small quantities, but very great in the case 
of the intermediate ((uantity {'’2J)Q0 lbs. of nitrate 
of potash), and (piite distinct in the case of the 
enormous dose (S,200 lbs. of sulphate of potasii). 

(5) phosphoric acid (as superphosphate) is exercising a 
definite residual effect, even in the case of the 
small application of 150 lbs ; while the enormous 
dose of 8,200 lbs. hag given in the second year 
more than 3 times the crop obtained from the 
check plots. 

In the third year 

(1) the effect of lime alone is such as to ]>roduce double 

the crop obtained from the chock |)]ots 

(2) magnesia |)roduces an apjiroxiinately eqiud effect. 

(This would probably be found not to be true on 
soils containing a high ratio of magnesia to lime). 

(3) sulphate of ammonia and the small dose of nitrate 

of potash shoAV no effect in the third year. 

(4) Potash even in the case of the small dose of 75 lbs. 

of sulphate of potash gives a definite residual 
effect, while the enormous dose has by now result- 
ed ill such an increase of fertility that (lie crop 
produced was more than 3^ times that from the 
check plots. 
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(5) phosphoric acid (as superphosphate) continues to 
show definite residual effect, even in the case o£ 
the small dose of 150 lbs., while the enormous 
dose of 8,200 lbs. has produced an effect just equal 
to that of the enormous dose of potash. 

At the time of weighing it was very noticeable that while 
the crops on the heavy-potash plots were beautifully turgid and 
dark green in appearance, those on the heavy -phosphate plots 
were very yellow, had dropped many leaves, and were flowering. 
No disease was present l)ut these phosphate plots had the appear- 
ance of being finished, while the potash plots would certainly 
have gone on growing healthily. 

This yellowdng due to superphosphate had been noticed 
before, and had been ascribed to increased acidity of the soil 
due to superphosphate ; but the addition of sulphate of potash 
also renders the soil very much more acid. The explanation of 
the difference is more probably duo to the well established 
property of phos[>hatlc manures in producing early maturity, 
while potash manuring on the other hand delays maturity and 
increases the period of vegetative growth of the plant. It is 
just this property of producing early maturity which makes 
phosphatic manures such a valuable help in producing large green 
crops ill a short time. 

The application of such enormous doses would, of course, 
be economically impossible in commercial practice, and this 
experiment has been criticized unfavourably ou that account. 

It should be understood, however, tliat the study of such 
extreme cases is of very great theoretical interest. Such enor- 
mous quantities cannot he used by the plant as food, but the 
results increase our knowledge of secondary effects due, often, 
to the chemical action of the manure on the soil. A groat deal 
of chemical work has been going on in the laboratory in conncc- 
rion with these experiments. 

Up to the present the result of this work has been to empha- 
size the complicated nature of the problems involved, and much 
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farther work will be necessary before any definite conclusion 
can be published. 

Meanwhile the field tests make plain many important points 
with regard to manuring of green crops, which facts are proba- 
bly of very wide application on those acid soils of the tea 
districts which are also deficient in phosphoric acid. 

These conclusions confirm those from previous work at 
Borbhetta not only on leguminous crops but also on non-legu- 
minous plants like jowar, and guinea-grass, and are in accordance 
with results on similar soils published by the Chemist to the 
Government of Assam, and are in general accord with agricultural 
experience anywhere. 

Tea shows itself able to withstand acid soil conditions very 
much better than most other crops, but it is clear that the fer- 
tility of our acid soils is increased by liming, and the tea must 
eventually respond to the improvement. Good results from lime 
on tea have in fact been obtained. 

Conclusions : — For the purpose of growing a green crop 
it is clear that on soils such as that of Borbhetta. 

(1) Lime even in doses so small as 10 mds. per acre 

gives a great and lasting increase of fertility ; 
altliough, immediately after application, there may 
be a temporary reduction in fertility. 

(2) Phosphoric acid in doses as small as 2 mds. per acre 

of superphosphate produces a very great increase 
in fertility on land newly broken U[>. Even an 
enormous dose produces no ill effect but an in- 
crease in crop practically equal to that produced 
by the small dose, in spite of the acidity of the 
superphosphate. 

The residual effect even of 2 mds. per acre is distinct 
though small, while that of a large dose is propor- 
tionately greater, but it is certain that the most 
economical method of application would be at the 
rate of 2 mds. per acre, repeated annually. 
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On soils showing less need of phosphate, application 
could be less frequent. 

(3) Salts of Potash immediately after application appear 
to have a negligibly small good effect in small doses, 
and certainly show a marked poisonous effect when 
applied in large doses ; but the result even of a 
large dose is to produce very great increase in 
fertility after lapse of time. 



THE FUNGUS DISEASES OF THE TEA LEAF 


BY 

A. C, Tl^nstall, b. sc. 

AND 

S. C. Bose, 


{Continaed from 1920^ Part //, page 4^5.) 

Grey blight — Pesialozzia thea^ Sawada, 

Grey Blig’ht is one of the commonest blights of tea leaf. 
It is rarely so serious as brown bliglit which it closely resembles 
iu appearance. It usually attacks the leaves but is also some- 
times found on the stem of the tea plant. The portions attacked 
by the fungus die forming grey patches on the upper surface. 
These patches when young are brown. Their edges are sharply 
defined by a ring of deeper browm colour and may often be 
marked with delicate concentric rings, alternately light and dark 
brown. The under surface of the leaf does not usually turn 
grey. The blight first appears on the upper surface of the leaf 
as minute brownish spots. These spots enlarge and several 
spots may coalesce to form one large irregular patch. Minute 
black dots or pustules (the acervuli of tlie fungus) are often 
seen, arranged in concentric lines, mostly near the margin of the 
diseased spot, on the upper surface of the leaf. Sometimes they 
are scattered irregularly, over both the surfaces of the spot. 
Some of the dots coalesce to form black crusts. 

The black dots, on the diseased patches, ♦due to grey blight 
are, as a rule, much larger than those of brow’n blight. Examin- 
ed by a pocket lens, the dots will be seen as crater-like openings 
and, unlike brown blight, are never surrounded by any hair, 
A cross section of a diseased spot when examined under the 
microscope will show that the pustules are formed underneath 



Two ;eav« with Grey blight (Pe.talo,z,a Ihcac Sa:a,ia.) 
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the skin. The pustules arise from a collection of mycelium 
which develops into bowl or cone-shaped, thin walled spore 
cases. From the cells of the inner wall of cacli s])ore case 
a stalk grows out and forms at its tip a spindle-shaped cell which 
is separated from the stalk by a cross wall. These spindle-shaped 
cells, the spores of the fungus, are further divided by four cross 
walls into five cells, with the three central ones larger and 
darker than the single colourless cell at each end The terminal 
cell gives rise to 3 or 4 colourless tliread-like projections each 
ending in a blunt knob. These spores, in the course of their 
development, push their way through by rupturing the skin of 
the leaf. The spores are distributed by wind, the hair-like 
projections at their tips acting as floats. Experiments now in 
progress on tlie dissemination of the fungus diseases by wind 
and other agencies, have shown that in the air round about 
Tocklai, grey blight s])orcs arc present in larger nunibers than 
those of other common fungi att^icki ng tea. The mycelium of 
the fungus grows between the cells of the leaf and within them. 
It is very fine and colourless and with many divisions. 

The fungus grows readily in culture. It grows well in 
jelly made ^vith either Maize, meal or standard dextrose. 

In culture the spores germinate by giving out one or two 
thin liair-like tubes (germ tubes) usually from the basal dark 
coloured cells, though they may also germinate from the termi- 
nal dark coloured cell or from huth at the same time. The cells 
before germination swell, becoming almost round and lighter 
in colour. The darker coloured wall then bursts and one or two 
germ tubes emerge from the sides. Occasionally, the basal 
colourle.ss cell grows out as a germ tube from the end of the 
lowest dark-coloured coll. These germ tubes at once branch 
and form transparent mycelium with divisions. The spores 
germinate readily. 

In cnltiire the mycelium is at first colourless, but 8 — 10 days 
after inoculation it becomes cream coloured, The accrviili are 
formed from 14—20 days from the germination of the original 
spore. The spores arc exuded from the acervuli in black drops, 
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which when dry form crusts over the acervuli. The Spores 
measure 22'5 x 7'5ji (lOOOths of a millimeter). 

The fungus infected cut shoots of tea in 3 days and pro- 
duced spores in 8 days. 

The fungus may attack any tea leaf, but it does not attack 
vigorous healthy leaves. It usually confines its attack to old 
damaged bushes or to those previously weakened by some other 
cause. For example after a hot dry weather the fungus fre- 
quently attacks the margins of young, immature leaves and is one 
of the causes of rim blight. Attacks of red spider also make 
the leaves susceptible to this disease. 

Experiments were made to determine the longevity of spores 
by storing the diseased portions of the leaf in various ways. 

It was found that like brown blight exposure to sunshine 
was fatal to this fungus within a few months, but under ordinary 
circumstances, e.^., light shade and a damp atmosphere, it could 
survive the cold weather, when in dead material. It is therefore 
necessary to remove all diseased material from the tea and bury 
it in trenches or hoe it in so deep that it may not come up in 
subsequent light hoeiugs. 

The Treatment of the Disease. 

The same treatment as recommended for brown blight should 
be carried out in this case. 







A photo-micrograph of a section through a Grey blight spot. 



KEPOUT OF THE JORIIAT EXPERIMENT STATION 
FOR THE YEAR ENDING 31st MARCH, 1920. 


This and similar reports for previous years give an account 
of manurial and other experiments on a typical naturally infertile 
acid soil of Assam. Since the soil is so infertile it has often 
happened that the crops obtained, even \Yith the aid of manuring, 
have been not worth weigliing when weather conditions were 
unfavourable. The experiments also have been conducted on 
single plots only, and on a soil so patchy and sensitive to small 
local variations in the etticiency of tlie drainage, it i^ therefoie 
impossible to cpiote numerical results with any degree of accuracy. 
However the experiments have now been carried on o\er a 
period of 11 years and very useful results have been obtained 
which distinctly advance our knowledge of methods of impioce- 
ment of such soils. 


1. Sail Th.rm.— The most noteworthy feature of this soil 
is its acidity. The annual reports on the harm have for many 
years stated : “ We arc now in position to state that the sterile 

condition of the soil to most crops in the cold weather and also 
to certain crops in the rains is due to the accumulation of acid 
substances, amony ihem being a specific team winch has been 
isolated and experimented with in culture solutions with effects 
on the plant’s root system and growth precisely similar to those 
observed in the field ; these arc readily neutralised and rendered 
harmless by dressings of lime or other base to the soil.” 

It is possible, therefore, that the results obtained may not 
apply to all acid soils, but only to soils containing a toxic acid 
Bimilar to that which has been isolated by Meggitt. Lnfortu- 

nately no information has yet been published on the nature and 
method of isolation of this toxin, although interesting notes on 
its manner of action on plants were given in “ Studies o an 
Acid Soil in Assam,” published in 1914. However it is probable 



15B RErORT OF THE JORHAT EXPERIMENT STATION 

that very nifiny acid poils do contain a similar toxin, particularly 
those which suffer from lack of aeration due to deficient drainage, 
and the results obtained at Jorhat are probably of fairly wide 
application. 

2. Lime . — As would be expected, the most marked im- 
provement in the soil follows the use of lime, and in fact without 
lime any improvement at all is small, and at tlie best very slow. 
The experiments ha^'e proved 

(i) that the benefit from lime is not due to rorpiireuient 

by the plant of additional lime as food, since 
unless added in a form ca])able of reducing acidity 
(slaked lime or crushed limestone) the good effect 
is not obtained. The sulphate or chloride, for 
exam])le, produce no good effect. 

(ii) That the good effect of lime is due primarily to its 

power c£ neutralizing acidity is proved by the fact 
that magnesia, soda or potash are equally effective. 
On this soil which contains very little clay there 
is not even any appreciable improvement in tilth, 
such as commonly follows the use of lime on soils 
containing more clay. 

(iii) Up to 60 mds. of slaked lime per acre in one dressing 

can be applied widi advantage on this soil. 

(iv) The effect of lime is very lasting. A plot receiving 

oO mds. per acre 11 years ago still shows a very 
great advantage over a check plot otherwise 
exactly similarly treated and cro[)pe(l ; Imt this 
advantage is gradually decreasing year by year. 

(v) It is better to apply small dressings of lime frequently 
than large dressings at longer intervals, although 
the plots receiving the larger initial dressings gave 
better crops during the first few years. For ex- 
ample, 10 md.s. per annum for six years have 
given better average crops than 60 mds. in one 
dose, or two doses of 30 mds, ut three years, inter* 



val, now that cropping has been carried on over a 
period of nine years. No lime has been applied in 
the last 3 years, llesults from the smaller, more 
frequent dressings have been better since the fifth 
year of the experiment, 

(vi) “The evidence is overwhelming that for most ordi- 
nary farm crops, be they deep or shallow rooted, it 
pays not to incorporate the lime too deeply.” In 
this case the trial was on the effect of ploughing 
in the lime 3 to 4 inches deep, as against 7 to 8 
inches deep. The results over 7 years are greatly 
in favour of the former, although deep rooted 
crops like Arhar at first did better with the deeper 
culti^'ation. The reason for the more favourable 
effect of kee})ing the lime near the surface is appa- 
renti\' that it wnslies down and a^vay) quite fast 
enough. The bringing u]) of this particularly 
infertile subsoil may also be affecting results, 
although when no lime was apjdicJ the growth of 
Cow peas and Arhar was better on the plot which 
had been more dcc])ly cultivated. 

3. Phosphoric AcuL — Phosphoric acid is clearly of import- 
ance second only to lime on this soil. Its action has ahvays 
been great on a mustard crop, but the effect has often been 
marked {ejp on the cane crop) by the fact that the plots not 
receiving the special dressing.- uf purely ])liosphatie manure were 
receiving cattle maiuiro, or other inaimnal mixture which provid- 
ed sufficient pliosphoric acid for tlie crop s rer|uiremeiits. It 
is also noted that in some cases the additional growdh of wxeds 
produced by the use of bonemcal reduced the weight of cro]). 
This growth of wa^eds i.s a tribute to the fertilising value of 
phosphates on this soil. Finely ground rock phosphate (Stane’s 
Flour Phos]>hate) has proved to be of value on this soil, but no 
attempt has been made to form an estimate of its efficiency 
compared to more expensive phosphatic mauures. 
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4. Organic M alter, —Kidition of organic matter has also 
been shown to be valuable as a means of soil improvement. The 
effect of cattle manure has been consistently good. Cattle 
manure with lime has proved a sufficient dressing to grow the 
majority of crops ; and even when used without lime, the effect 
of continual heavy dressings is that the land produces heavier 
and heavier crops, though little improvement was observed from 
the use of cattle manure alone when the land was first broken up. 
This good effect of cattle manure cannot, of course, be ascribed 
to its mere bulk of organic matter, since it provides also every 
necessary plant food, particularly phosphoric acid which is of 
such great value on this soil. The effect of green manuring has 
generally been good. Laboratory experiments have shown that 
the effect of green manuring has bee a to increase the percentage 
of nitrogen in the soil. In spite of this, during the year covered 
by the report, the aggregate yield from the green manured area 
was slightly less than the yield from the area not green manured. 

On this point the Agricultural Chemist observes : “ From 
personal observations during the growing period of the crops, 
I am convinced that this result is due to waterlo 2 :c:in«*, which 

Do D^ 

occurred to a greater extent on the green manured area.” 

There can be no doubt that the provision of efficient drain- 
age is at least as important as any rnanurial treatment to soils 
like that of the Jorhat Government Farm. 

It has been emphasised in previous issues of this Journal 
that green manuring is likely to prove rlisappointing on land 
inefficiently drained. Indeed no rnanurial treatment exercises its 
full effect when the soil is much above its optimum water content. 

In addition to the above information with regard to the 
soil’s increase in fertility with treatment, much other information 
has been obtained with regard to crops... trials of varieties of 
sugarcane, pulse crops, and fodder crops, for which planters 
interested should consult the original reports. Since, however, 
indigo is now arousing interest, it is worth rioting that a trial of 
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indigo in 1917 showed that while the crop on the unliraed land 
died off while young, the limed area did very well and set a fine 
crop of seed although a heavy hailstorm just previous to ripeii- 
ino" reduced the crop of seed to only 204 lbs. from the acre. It 
is recorded that in the following year the plants were cut down 
and gave a good crop of green stuff. 


H. R..C. 
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liiiotlicr a'' rciiip'd- nit^xjiiiio hjiyhi, and entirely dill'ciMiih front 
tiu' Dnai'" and dh'rat. dlaa rainlall einwe^ lor the iud jdi’tiier 
\'alle\> nre similar in eliaraeter, and of a di-tinetly dill'eniii iy]ie 
from lho>e of ilu* latter di>n‘i(i>. ddn^ eoniiedion. ^\ hen the nia-- 
Ilf other e\ idene(‘ i> taken into (MU-idi-raiion, i- nut lar to >eek. 

The jH-euliar ihiM-a^e ealie<l in Mann the f aehar Malkddlliny 
Mite sliowi'd u|i vd'y iiitK'Ii in t he early j nrl of I 1 h‘ '' ca-on. more 
<‘Sju'(*iall\' in the Surma \ alltw'. 

Ollier jx'sts ii'ciivedt at the lahoratory lor re]»on, hie not 
referred to in r(‘[iorts IVom districts, were Stny'i — 
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BrcuskCj tlie beetle ^vhich “ skeletonises ” the leuves ii fe^v odd 
bushes at about April, ^vliich M as received from the Tenii, and the 
caterpillar of a Lymantriid moth, probably Leucoma suhmarginata^ 
found on tea in Sylhet in Februar}\ 

Caterpillar pests were not conspicuous in 1920. 

The notes are, as usual, incomplete. This is inevitable. 
The Surma Yalley has responded to the axil for monthly eiitomo- 
logiaxl reports, and even there the reports are not conijdete, but 
the other districts have not obliged at all. Of the books of 21 
report forms referred to in the corresponding re[)ort of last year 
(Quarter!}' Journal for 1920, }>age 27) not one has been applied for. 

Appended are diagrams shoMing tlie nature and extent of 
insec't damage on gardens from live sub -districts in the Surma 
Yalley. No. II is perliaps not (piite characteristic for the sub- 
district, as the garden from x\luch the re[>orts Avere received is 
Avliolh' a teela garden. 

I.-UUKHIPUIU 
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II.-HAILAKANDY. 


Orange beetle 
Ked borer ... 
faggot and bag worms 
hooper 

huncti caterpillar 
Tea inos<piito 
Termites 
iled spider ... 


Jan. .Feb. Mar. 


Apl. 


.May 


June July jAug. Sept. Oct. INov.jDec. 


lll.-SYLHKT. 


Orangeibeetle 
lied borer ... 
faggot and bag worms 
Bunch caterpillar 
Limpet „ 

Tea mosquito 
Crickets 
Termites 
Kfld ppnbr ... 

Tea seed bug 


Jan. PMb. ,Mar. Apl. 


May June July Aug. Sept. 


Oct. Xov.’Uec. 


IV.-SOUTIl SYLHET. 


I 


Jan, jfeb. ’Mar. Apl, .May June July 


Ked borer ... 
Faggot worm 
Tea mosquito 
Ked spider ... 


Aug. 


Sept. Oct. Nov. Dec. 



4 ixsKcr vKS'ns ov rrx ln xnK'rii-EAST India nnuxo season 1920. 


Tea niusqnito 
Ked Fpiiier ... 


V.— NOliTH SYLHKT. 


lau. Feb. ilar. Ap]. May 



Sept. Oct. ^Nov 


Dec. 


('kukets. 

(Hr*fclv^frijpi‘s tfrhntiun.^ — Stoll.) 

This jiost is tuict* n'C'oi'dod — Irntii ( mk* Limvlcu in C^irlinr nrul 
rmo ill S\llu‘t. In rlu* fonniT cMst* rlir iiix'cts wrri* first uoTicivl 
in Fc'hribtrw jiivsiMit in tlu* u'ro.'itcst niiiulM'rs in Mni’cln ini«l utm- 
(liiiillv ([(‘crt^nsiMl altor (luit (iinn, until hy July t]i(‘y had ilisappcarod. 
Till* <lati;a;^'(‘ to tha taa was apparently iu‘nlinihl<“. htit yri'i'ii nianun'> 
were sariouslv dainayad. The S\ jlu*t yardni r(‘[>ort(‘<l a sliplii 
nttaak in OitolHi'. On iIk' wliola, crickats appaar to ]ia\a doia- 
la>s danian’a tli.an n>iial in l‘.)20. 

Ok A NO i; fh;i;rr.K. 

( D'hijjynninrpli'i — lair-( >rd. ^ 

This past is ^fiK-ralU' h* ha mhmi (liroiiLthont tha yi-ar. Kvi- 
deiK'O is atiordct] hv raports fr< an (.'aaliar oi' tiia ocaurn-naa f)f hroods 
of tha insects, result inu' in tlu* ap[>aai‘aiia(* <4 adiilr> in March to 
April und Ji;raiu in July and Auyn>t. 

Tka M(is<.^iTrr>, 

(Hclnpi’It/s /hi/irnr'f — '\\)it(‘rli.) 

Tlic haliaN'ioui’ »)f f}il> past durini:; tlu* satison 1020 was of 
considerahlt* interot. In A>sani, on tlia wliole, tlic |)ast was not 
so .si'ritui.-. as usual, c(a*taiiily not as .''{*i*io[is :is in lOUh yat in tJic 
Doom Dooiua di>rriat it attained coiisideraljla diniaiision> during* 
the latter part of tlic season. In Dacha i* and Sylhet, also, the 
flaniai>’c done is di'scrihad as hot so serious a,s in tlia pn'vioiis year, 
tliona'li rcpoi’ts froni Ilailakaiidy iloarihc tlu* afta'*k as jiiore so in 
A curious feature of tlu; attack in the Snrina \'alle}' w'ns 
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tluMvay ill \vhi(‘h tin* ol' ihc insert Hiutnntrd diinni:- 

the (.‘iirly <»i tlu* s(‘;is(iii, S<'i'i(ni> is ['( porti'd in iiiniu' 

iiistaiLres so (‘jirly as April, luil tlu‘ :iU;i(*k liifcd nu’jiiii in Mnv, 
caiiu* oil au'aiu in duia*, to >Iio\v :i Ididt'iiev to lift whieli 

T('U<l<“la‘y ill S(»lll(‘ (‘as(‘s colit im K'll to flir end (»l the -rusoil. hilt iu 
otlier.s disjip]){‘;iri‘d in S(‘|»iniiih(‘i‘ iiml Ociohrr. wlirn flu* insi*<;f> 
ayaiu to do a certain ainoiint of daiiia^v in ]>larc>. 

TIh' ])V>\ was, for the 1ir>t nine. ri*|>oi'icd from tlx* [ai>k(i‘]‘)ore 
^ alley, from ota* , garden, w here ii liiM appeared ai die end of 
Septenih(‘r. 

Ill the I)iiars iiioNjnito lilinht wa'* N’ei'v >erion'K. more e>jM‘Ci;il]\- 
in tile (’hulsa and Hantajiara di^Tricm. 

Idle hehax'ionr of du* iii^eri diiriuy die pa>t M'a--on w:t> verv 
iri'en'iilai'. and Mwaa'al iimian<“e'. (Kvnri'eil wlaa't' lea wiiieji wa> 
slnit lip h\' tile pe>t ill dune and diil\ wa^ found to liavi* come 
tlirounin ami to he waviny in loaf in Aiminn \\\\^ oeeiuTed 
<ml\' when the tea had keen left alone, and practically al.ianduned 
for tlie time heinn-. 

i )ue fact wordix' of placiin:' on record m connection with the 
past M'a-on is llie fact that l(‘af i'etnrn> cannot. a> i> n>na!. he 
taken as a ronyh ^’nide to the atiioim! of dainam* done hy the 
]>(‘st, considerahle deerea>e in outturn >hown h\' man\' mosijiiUi' 
hliniited eardrim heinn’ m'IW laryelv <liie to aheratioii in the style rd 
])liK'kinLf. 


'['\:\ Aimis. 

fhi>h'Col<t — Ihickr.'l 

slieht attacks of iliis ]^e>t wer<% as usual, u'eneral dnrin:.!' the 
earlv part of tlu‘ season (f'ehriiary to Ma\d, Fhe rejiorts make 
no mention t>f attacks in nursi‘rie>, thoueii these must have 
oeenrred. Alley show , howmvi'r, tliat in the easi' of old tea the 
|X‘st is most iiotieeahle on low pniiK'd and eut haek. I’henyle stdu- 
tion is ri'ported to have been nsiul sne(‘essfull\' aeain>t the ]H'st, hni 
the fstmigth was not stated. 
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Bunch Caterpillar. 

{Andraca hipinctata — Wlk.) 

This pt‘st is so conimoii and so easily dealt with as to escape 
notice i ill the reports, but one g*ardeu in Stdhct rej)orts coMspicuoiisly 
large numbers of tlie pest in i\Iay and June on 'wliich 100 children 
aptieareil to make no iuipressiou hy steady daily collecting. The 
caterpillars disa[)[)eaL’ed at the end of July, and r(ui])])earcd in small 
nuinbers in September and October. 

liED BoliEH. 

( /e nzera coffeae — Xietn . ) 

Tlie depredations of this j)est bec“ame noticeable in Cacliar in 
August, autl from then till the end ( »f the season the brou ii dead 
shoots nure to be noticed in tlie tea. Tn the Assam Valley the 
pest behaved similarl}’. 

Ba K K ' K A T r NO Bo N lAi S . 

{Arheh^ Spp.) 

The depredations of these insects are, as usual, rejiorterl only 
from Cachar, wlicrc the damage done is uradualU’’ liccoMiim^’ le.ss 
serious. It is regrettable that diii*ing the present crisis many 
gardens wliieli ^vere grathially getTliig flu* beUi'r of these [lests may, 
owing tu rlu! necessity for nTnaichiiU’Ut, go gradually back to 
their former state. 

Gelatine Gjcuij. 

i>I»p.) 

This insect appeared in suffieiiair numliers to be notic(‘d in 
Cachar and South S\ihet iu Octribca’, d Isa] >] Hearing again in Decem- 
ber. 

Tea Tuirnax. 

(^Homona menrvnhi — Wlk.) 

Appearerl in Cacliar daring the end of Jlarch and the begin- 
ning of April, but o<ld individuals were noticed througliout the 
year. 
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LoorEii, 

( B iston .!? uppress a r hi — G i ion . ) 

A serious jittiick was ro])orte<I from tlie Xoutli B;mk in x\pril, 
111 the Hailukaudy district ol Cacliar the }>est Avas noticeable in 
April- May, and agniii in June and July, and is reported from 
Lukhipur iu October and Xoveinber. 

Faggot and Bag AVokms. 
i^Chinla S|)p.) 

]i(^[)orts Iroiu Cacliar indicate that these ^verc los iu evidence 
than usual. Hi ‘ports were not received [roin other districts, but 
specimens were recelx ed Iroin Darjeeling. 


CoNiCAE Psvciiric 
(Psyc/ic assamhii — MAitt.) 

This [X,*st is reported to have been noticeable on a garden iu 
Cachar iu March and April 

Tfumitfs. 

This pest is r(‘ported Iriuii one garden in Cachar as having 
continued to do damage t(,> young tea tlirongliout the season. In 
the nrijority ol instances, lu)wever, tlie pest ceased to l>e conspi- 
cuously active above ground toWLirds tlie end ol May, and begun 
to ap[K.‘ar again iu August. In Assam termites did less damage, 
on the whole, than during the previous year. Forking round the 
bushes is reported to have a distinct deteiTCUt etteet on the [>est. 

Hed SVIDEU. 

( Tetranych us hiocidaius — AM-M.) 

Throughout the tea districts the attacks of red spider ^vero 
much less intense than ustial, especially iu the Surma A alley. 
The giKxl shirt to the season is probably a sutheieut reason for 
this. A slight attack ^^'as noticed iu some places to^vards the (‘iid 
o£ tlic season in October, notably in South Sylliet. Sulphur, 
lime- sulphur, and coAN’-dimg, sulphur, and mud, are aU reported as 
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liavijiu’ jin'jiiiist r]K‘ post. Ono or two pljtnt(*rs sconi to 

liMvo r(*u‘jir(lo(l t]u‘ (‘ttic'KMR'V ot troatnioiit with snlj>lmr as (lonl)tful. 

PrxK :^[rrK. 

( Fhi(foptf(s tlhute — Watt.) 

Ailaoks (>1 tliis post ill North (^aoliar G'oro h'ss si'i'ious tliaii 

(luriuu- 1011). 

(’aciiau Si'afk-kilmno Mrn-;. 

1 hi> is ivporrod from only oiw ^archai iit C’achar, thou^li 
tlio yoar s[H‘riiii(‘iis nl’ tho (lls(*as(“ oouiiiioiiK’ atfril)ut(*(l to 
this niito W(To roioivod from all districts from Makmii in r])pcr 
Assam to Stiiirli >ylhcr. ddiis dis(^:i>c is cs]>ccia]ly iioticcahlt' 
dnriny' tlu* early hali of the s(*asoii. and results in tln^ lu’andu's and 
shoots dex elopiii^' an app(*aranee vvvv nnieli likt* that of canker. 
Lifno-snl])]inr solntlon. s]>raye<l onto th(‘ laisju^"'. ^\'as used n irh 
success as a remedy for tliis diseas<* in S\Hier. 


K. A. A. 



NOTES. 


Spraying Experiment with Nitrate of Potash. — V'^ery 
largely increased growth has been obtained exj^erimentally as a 
result of spraying the leaves of tol^acco with nitrate of potash ; and 
it was thought w*orth w'hile to make a trial on a small scale with tea. 

It was hoped that the result of the application might not only 
give largely increased crop but might assist in decreasing the 
liability of the leaf to blight, since the increased growth obtained 
with tobacco had been ascribed to actual absorption of the salt by 
the leaf. 

Twelve rows of very even tea were set aside for this ex- 
periment. 

The first row^ was sprayed fortnightly, beginning in J 11 I 3 " wnth 
10 gallons \% nirtate of potash solution per 100 bushes. 

The second row' received no treatment. 

The third received the same amount of solution as the first 
row, but it w'as applied to the soil oul}', and not sprayed ou to the 
leaves. The object of the third row >vas to determine hoAV much 
of any benefit found from sprajung might l>e ascrilxxl to the mere 
manurial effect of the solution. As the nitrate of ix)tash w as applied 
at the rate of about 17 lbs. per acre at a time, some benefit from 
manuring might be exj)ected, in the course of the sea^on, although 
the amount applied in one appliaUiou is negligibly small. 

The remaining nine rows allowed for three re[>etitions of 
each of the above treatments. 


Average yield in ounces green leaf i>er 100 bushes. 


Sprayed. 

Untrcatetl. 

Manured. 

1,0H7 

1 l,04li 

1,025 


I — 

The results show no differences beyond cxperiiueutal error, 
though as the sprayed hues were slightly the better to start with, 
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NOTES, 


it is probable that the spraying has done some harm, but very 
slight harm. Brown blig’lit w<as, considering the season, fairly 
hi\d on this plot ; and it appeared from observ^ation that the sprayed 
bushes were slightly more attacked than the unsprayed. 

Spraying ^vith nitrate of potash, then, amiiot be recommended 
as a treatment for tea, either for increasing tlie rate of growth or 
for decreasing blight attack. 

The tea used had been cut down the pre\'ious cold weather, 
so that the spraying ^v^vs on young gro^vtll, Nvhich miglit be 
ex\)ected to react better to such treatuient than old leaves. 

H. R. C. 


Flour Phosphate. — A sample of Hour phosphate submitted 
to the Department has shown tlie follo’\\’ing Jiverage anal^’sis : — 


Iron and Alumina 

12^ 

Lime 

o&% 

Magnesia 

. . . trace 

Phosphate total 

2g;^ 

Phosphate . . , 


Manures previously on the market 

under this name frequently 

continued the phosphoric acid as the 

practically iinavailal)le iron 

and aluminium salts. T!ie analysis 
to be a calcium phospliate. 

of the above sample sliows it 


The availability was tried against bone meal at Borbhetta. 
Niue plots of cowpeas wore jnit out late in Octol^cr au<l the crops 
were gathered six ueeks later. Three plots ^vore Lieated nith 
bone meal, three ^vith an equivalent quantity of flour jfliospliate 
and three ^vere check plots. On the total crop, Hour pl)os}>hate 
gave 16^ and )x)ne meal 21^ increase on the check plots. The 
value of these figures is somewhat detracted from wlien tlie varia- 
tion of the individual plots, and the ]X)orness of the growth (owing 
to complete absence of rain) is considered. F rom appearance, 
however, it was ({uite clear that the flour phospJutte liad an imme- 
diate effect on the crop, and for green crops is probably a better 
manure at the price than bone meal. 


H. K C. 



TRIAL OF NITROCtEJ^OUS MA]SURES ON TEA. 


The plots for this trial were laid out and planted in 1916 
with this particular ex peri in eii fin view, and from the beginning 
everything possible has been done to make and keep them even. 

In spite of this, it was scon clear that the initial fertility of 
the: soil varied so greatly on different plots that one could only 
hope for an approximation to accuracy by averaging over a 
number of plots receiving the same treatment. Of the eighteen 
plots three, therefore, were used as check plots, while the re- 
main in g fifteen provided o sets of 3 plots each, and each of these 
5 sets received a different manure. 

At the end of 1918 the plants were collar pruned, and grew 
so badly in 1919 that an average of only I j maunds pucca tea 
per acre was obtained. As each plot contained only 54 bushes, 
the error in the plucking and weighing of the leaf obtained at 
each plucking exceeded the difference between the plots, and 
in that year therefore no figures ^vere obtained which could be 
considered of any value for meiisuring the initial fertility of the 
plots. 

The tea having been left unpruned, yields were better, so that 
the error of \YeighmGnt could be disregarded, and the yields ob- 
tained in 1920 up to the end of May are taken as indicating the 
initial fertilit}'. 

There were no vacancies, but there were a few infillings, 
and weak bushes, which were left iin plucked from the beginning 
of the season. In calculating yield per acre these are allowed for. 

The manures were applied at tlie end of May. 
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The manuring was as follows : — 


MAKFRE FEB ACRE. 

1 

Nitrogen per 
acre lbs. 

Phosphoric 

acid 

per acre lbs. 

1 

Check Bone meal 

... 162 lbs. ... 

5-6 

35-6 


Nitrate of soda 

... 212 „ ... 

30-0 . 

Nil 

^1 

Bone meal 

... 162 „ ... 

5-6 

356 

ft 

f Sulphate of ammonia 

... 150 ,, ... 

30-0 

Nil 


[ Booa meal 

... 162 „ ... 

5*6 

35-6 


Mustard cake... 

... 704 „ ... 

32-7 

17-6 


Bone meal ... 

... 82 „ ... 

I 2-9 

180 

r J 

C Nitrox 

... 320 „ .. 

! 320 

12-8 


[ Bone meal 

... 104 ,, ... 

1 3-6 

22'8 

6 J 

f Green jungle ... 

... 3 tons ... 

! 30 0 approx. 

Nil 


[ Bone meal 

... 162 lbs. ... 

5*6 

1 

35-6 


The plots receiving nitrogenous manures thus each received 
exactly 30 lbs. more nitrogen per acre than the check plot and 
the same quantity of phosphoric acid, except in the case of the 
plot receiving the green jungle. This was originally sown with 
sunn hemp, and it was expected that here also the nitrogen added 
as green stuff would not differ greatly from 30 lbs. Unfortu- 
nately the green crop failed completely owing to attack by a root 
disease (which fortunately does not attack tea). After seven 
weeks’ growth the green crop was abandoned as hopeless, and the 
crop (averaging less than half a ton per acre) was made up to 3 
tons per acre with green jungle, thatch, phutuka {Melastoma) and 
boga medeloa, this being cut from neighbouring waste land, wood 
being up to finger-thick. 

This was very lightly hoed in on July 17th. 

This last set (6) therefore must be considered as a trial of 
green jungle as manure. Its action differs from that of a green 
crop since there is no suffering of the tea while the crop is 
growing. In this case, of course, a crop was growing, but it was 
80 poor that the total growth on the green-manured plots hardly 
exceeded that of the jungle on the other plots, and it is consi- 
dered that the loss in tea crop from the growth of the green 
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manure was in this case practically negligible. With favourable 
(wet) weather, however, it was shown at Heeleaka that the bad 
effect of a green manure while growing is not very great, and the 
result from this, set 6, may therefore be considered to give some 
indication of the probable efficiency of a green crop. 

The actual weights obtained are recorded below in order to 
show how uneven were the plots, and also to shoAV that there Avas 
no great difference between the averages of any three evenly dis- 
tributed plots. The Aveights look small, but the average plucking 
yielded about 2 lbs, from a plot and as weighment was certainly 
accurate to half-an-ounce the possible error from Aveighment can- 
not exceed and with 40 pluckings errors in weighment are 
probably negligible. 

Actual weight of leaf in lbs. andozs. from 1/50 acre plots : — 


1 Check plots 


2 Nitrate of soda 


3 Sulphate of ammonia 


4 Oilcake 


5 Nitrox 


6 Green jujgle 


To end of May 
before nanuring. 

June to 

November after 
manuriog. 

11-6 A 

49-3 A 

12-5 Ul-3 

45-13 U6-3 

9-15J 

42-8 J 

9-7 A 

49-7 A 

n-ii \ 10-13 

53-9 UO-l 

11-14) 

47-4 J 

10-0 A * 

47-6 A 

11-14 UO-7 

50-10 146-13 

9-8 J 

42-8 i 

10-15 A 

44-2 A 

10-1 1 10-10 

46-5 U 5 -I 2 

10-15 J 

46-12] 

11-7 A 

47-3 A 

10-6 Ul-2 

45-14 U5-I3 

11-10 J 

44-5 J 

16-S A 

65-5 A 

0-9 >11*7 

43-15 U9-I3 

8-8 j 

40-3 j 




The difEerences in total crop look very small, but can be 


better judged when calculated to weight per acre. 
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TRIAL OF NlTKOOEKOrS MANURES ON TEA. 


In the following table allowance has been made for the 
bushes left unplucked : — 

Lbs, Green leoj per acre. 



To end of 

May, average 
before application 
of manure. 

June to 

November, average 
afterapplication 
of manure. 

locreaso 
over check 
plot lbs. 

1 Check plot... 

598 ! 

2,465 

22 

2 Nitrate of soda 

579 

2,689 

224 

3 Sulphate of ammonia ... 

577 

2.585 

120 

4 Oilcake 

574 

2,456 


5 Nitrox 

1 602 

) 

2,473 

8 

6 Green jungle 

i 634 

i 

2,763 

298 


These increases cannot be considered as indicating the value 
of the manure, since the plots were not equal before the manure 
was applied. 

The yield from the check plots from June to November is 
4T2 times the yield from March to May. It is probably fairly 
accurate to assume that had no manures been applied the other 
plots would have increased at the same rate. By making this 
assumption we may calculate what the yield without manure 
would have been, and the difference between this calculated yield 
and the actual yield probably gives the best index to the efficiency 
of the various manures, obtainable from these experiments. 


1 

! 

Yield to 
end of May, 

1 

Actual i 
yield June- i 
November. 

Calculated \ Increase 
yield if no i per acre in 
manure bad 1 lbs green 
been appliedj leaf. 

Approxi- 
mate cost 
per acre of 
increase. 

Nitrate of Soda 

579 

2,689 

2,390 

299 

Kb. 27-0 

Sulphate of ammonia ... 

577 

2,585 

: 2,377 

208 

M 27-0 

Oilcake ... ... , 

574 

’ 2,456 

2,365 

91 

20-8 

Nitrox 

602 

1 2,473 

2,480 


„ 17-8 

Green jungle 

634 . 

2,763 

2,612 

151 

Labour only 
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From this we can calculate the increase per cent, due to the 
manures. While no pretence to exactitude is made it is believed 
that these figures do give a fair idea of the relative efficiency for 
tea of the various manures in the year of application. 


Nitrate of soda ... 

... 

Sulphate of ammonia 

... 

Green jungle ... 

... 6 % 

Oilcake 

... 4 ^ 

Nitrox 

... 0 ^ 


but the results calculated from these figures can be corrected bv a 
study of the curves. 

The smallness of the effect of the manuring may be a matter 
of surprise, particularly as this tea at the time of application 
showed every indication of requiring manure. In 1919, plucking 
at 27" after collar pruning, the yield from the check plots was 
only I5 mds. pucca tea per acre, and the appearance of the plots 
up to the end of May 1920 was extremely miserable, Brown 
blight being bad. From J uiie onwards very great improvement set 
in and 9^ maunds was obtained from the check plots in 1920 
(unpruned). The disparity is much greater than can be explained 
even by the very great difference in the two seasons. In 1919, 
10 maunds slaked lime per acre had been applied. It is probable 
that the effect of this in the year of application was to reduce 
crop, while in 1920, the effect was favourable. Even so, this 
soil is markedly deficient in phosphoric acid and it is probable 
that all plots including the check plot benefited from the appli- 
cation of bone meal. 

The combined effect of the lime and bone meal possibly allow- 
ed more rapid production of nitrates from the soil organic matter, 
so that the effect of added nitrogen was less marked than usual. 

However, it is believed that the effect of such small doses of 
manure as are generally used in tea is not normally much greater 
than that obtained in this experiment. If so, it is clear, that 
manuring generally is not o paying proposition in the present state 
of the tea market, except in the case of such manures as cost little 
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or nothing beyond the cost of labour for which, at times, there 
may be no other use. Such manures are Green jungle, Bheel soil, 
and to a great extent Cattle manure and Green crops. 

Such manuring is strongly recommended even in view of 
restricted crops. Finer plucking alone will, in many cases, do all 
the restricting necessary, In extreme cases where the plucking 
system is changed to taking strictly 2 leaves and a bud, instead 
of an average 3 leaves and a bud or more, the restriction would 
probably be nearer 50^ than 20^ unless the number of rounds 
of plucking could be increased effectively. 

Nor need the smallness of the results from this experiment 
be discouraging. If there is any residul effect from manuring on 
the yielding capacity of the bush (and that can hardly be doubt- 
ed), then continuous manuring will increase yielding capacity in 
a compound ratio. An increased efficiency of per annum 
would double the yield in 15 years. 

The characteristics of each manure are commented on sepa- 
rately below, and the rapidity with which each comes into action 
is traced from curves obtained by plotting the total yields per acre 
obtained in each period of four weeks against time in weeks. It 
will be seen that the application of manures coincided with the 
beginning of a very sudden increase in the rate of leaf produc- 
tion. This sudden rush of leaf was due mainly to tljc very 
favourable ^weather of June, but the jump was much more marked 
than on unmanured plots and is possibly partly accounted for by 
the action of the bone meal which all plots, including the check 
plots, received. 

Rapidly available tiianures A study of Fig. 1 shows that 
both the nitrate of soda and sulphate of ammonia plots had aver- 
aged slightly lower yields than the check plots before the manure 
was applied. 

During the four-week period following application the sul- 
phate of ammonia had shown no result and the nitrate of soda only 
a very small relative increase. In the second four-Aveek period 
both manures gave a very marked increase in leaf and this was 
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maintained in the third and fourth periods, although both, and 
particularly sulphate of ammonia, showed a falling off. 

In the fifth period nitrate of soda fully maintained its adv^ant- 
age, but the falling off in effect of sulphate of ammonia was more 
marked. In the sixth and last period nitrate of soda still shows 
an increase, while the sulphate of ammonia plots gave even less 
than the check plots. 

If these experiments have any accuracy at all, this greater 
efficiency of nitrate of soda towards the end of the season is signi- 
ficant. The season was certainly much more favourable to the use 
of nitrate of soda than the average season in Assam, because the 
rainfall was small (67^ inches) and very well distribute d. Hither- 
to this department has been, with reason, very shy of advising 
the use of nitrate of soda in the tea districts. Until recently its 
price compared very unfavourably with that of other manures ; 
and as it is known to be very readily washed out of the soil, it 
could not be recommended against other manures less liable to 
loss. Experiment in future years may show that this attitude is 
justified in many seasons. 

But no consideration of favourable season can explain its 
greater lasting effect compared with sulpliateof ammonia. As far 
as the nitrogen contents are concerned nitrogen as nitrate is known 
to be less lasting than nitrogen as ammonia. The lasting effect of 
the nitrate of soda must be attributed to some constituent other 
than the nitrogen. Potash is known to increase the period of 
vegetative growth of a plant. This particular sample of iiltiate 
of soda (the purest then available) was found by analysis to con- 
tain 5^ potash, and thus the manure applied added 10 lbs. of 
potash per acre to the soil. This added potash was probably rein- 
forced by additional available potash liberated by the nitrate of 
soda from the soil minerals. The potash so supplied probably 
stimulated vegetative growth of this unpnined tea, at a time when 
it was inclined to go ** banjhi. 

However, it is possible that some adverse secondary effect of 
the sulphate o£ ammonia was coming into play, and the effects 
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of these two manures in future years will be watched with 
interest. 

Sloiv' Acting Mamircs : — A study of the curs^es shown in Fig. 2 
shows that the effects of the nitrox and of the oilcake were very 
similar, TJie two curves run practically parallel and are not wide- 
ly separated for the whole of their lengths. Since however the 
oilcake c^irve starts some^> hat below that of nitrox and in the last 
eight weights is very slightly above it, it may be concluded that 
the action of oilcake was slightly more favourable than that of 
nitrox. 

Neglecting the first four weeks’ pluckings both curves start 
definitely below that for the check plot, from July 28rd become 
practically the same curve, and only show a definite superiority on 
October loth, twenty weeks after the manures were a])plLed, and 
that superiority is very sliglit. 

Nitrox is a mixture of sinews and hoofs and horns, crushed 
and torn into as fine a state of division as such material can 
reasonably be expected to attain. Similar are Nervox, Ligox, 
Musclox, and Sinox, though the last-named is generally supplied 
in unduly large pieces, and also contains biggish lumps of 
bone. 

Such manures as these do not readily decompose, and must 
always be comparatively slow acting, but that timy should show 
practically no result at all is certainly surprising. If such manures 
are to be of any use at all they must be used in larger quantities 
and must be applied as early as possible, February, or even 
January to allow time for decomposition. 

Much more surprising is the hardly less marked failure of 
oilcake. The particular sample used was purchased in the local 
bazaar, and was obviously a good specimen of “ country ” oilcake. 
Its analysis was good — 4*7 % nitrogen — and no adulteration could 
be suspected. It, however, was much more oily than average 
samples, and on analysis was found to contain \h% of oil. This 
high percentage of oil is the probable reason for its low avail- 
ability. 
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Previous experiments with oilcake have given very definite 
results in the year of application. 

All these plots, after cutting across at 24^^, will be plucked 
next year without further manuring, and sufficient yield is ex- 
pected to determine residual effects of the manures. It is expect- 
ed that both nitrox and oilcake will show up ; but if decomposi- 
tion is very slow, it is possible tiiat at no time will there be a 
sufficient increase in the concentration of nitrates in the soil to 
produce any definite increase in crop. 

It is possible, however, that the comparative inefficiency of 
these manures does not lie wholly in the insoluble nature of their 
nitrogen compounds. 

Both these manures contain jdiosphorns compounds, and in 
order that all plots might receive the same quantity of phosphorus, 
the quantities of boneineal aj^pliod to tliese plots Avere less than 
were applied to all the other ])lots including the check plots. Now 
available phosphoric acid has a very great effect on this soil ; and 
it is possible that the failure of nitrox and oilcake may not be 
due only to the comparatively less available forms in which they 
contain their nitrogen, but largely to thejiiefficiency of their 
phosphorus compounds. 

Both, however, are generally cheaper per unit of nitrogen 
than readily available manures, even if no lallowance is made for 
their phosphorus ; and at the next application of manure their 
phosphorus contents will be ignored. 

Green Jungk .—(See Fig. 3.) Starting definitely above the 
check plot, the yield for the green jungle plots retains much 
the same relative ]X)sition daring the seven Aveeks folloAving the 
application of boncmeal and growing of the green crop, indi- 
cating that the effect of the growth of the small green crop was 
slight. 

Following thn liocing in o£ the 3 tons per acre of green stuff 
on July 17th, the rise in the yield is almost immediate. The 
effect of the green stuff was in fact more rapid even than that of 
nitrate of soda. The green stuff uas of course applied at a 
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season when the effect would be expected to be more rapid. 
Temperature and soil moisture were both very favourable. 

The mechanical effect on the physical condition of the soil 
must also have been very great. Green jnngle would of course be 
expected to prove more efficient than nitrate of soda, since it sup- 
plies not only nitrogen, in a form here shown to be very efficient, 
but also organic matter, and additional phosphoric acid, lime, and 
particularly potash. Applied as it was, the top few inches of 
soil rapidly became a much improved medium for the growth of 
beneficent soil organisms. 

The calculated increase of 6^ in the season is small only 
because the manure was applied so late in the season. Such 
manure has previously generally been used in trenches. The 
present experiment shows that green stuff may be used as a 
top dressing, and is likely to be very efficient as a manure for 
cut'back tea. 


H. K. C. 



THE EFFECT OF MANURES ON THE CONSTITUTION 
OF THE TEA PLANT. 


Manures are applied to tea gardens for various reasons — 
the production of increased crop, the improvement of the soil, 
the helping of bushes through a blight attack, the growing of 
wood on cut-back tea or the production of root-growth to shallow- 
rooted bushes. Seldom, however, is manure added with the idea 
of directly improving the quality of tea. As a matter of fact 
very little is known in this connection, although Mann and others 
quote figures indicating that nitrogen in excess produces poor 
quality tea and that potash and phosphorus manures produce 
good teas. 

The quality of tea is a very elusive factor and, apart from 
not being able to say what produces such complicated bodies as 
tannin and the essential oil in the leaf, we are at present unable 
to state definitely how any change in the content of the simpler 
products of the leaf— nitrogen, phosphorus and potash— may be 
effected. 

Much work has been done on the effect of manures on the 
constitution of plants other than tea, and it has been shown by 
Schreiner and Skinner (T. Dept. Agric. BiilL, No. 70) that 
each constituent of the perfect plant food mixture is absorbed 
by the plant in such a quantity that the balance of the original 
mixture is undisturbed. If any one of the constituents of the 
ideal mixture is increased, then the plant takes up more of this 
constituent and tends to reduce the residue to the perfect ratio. 
Any excess of one constituent is followed by an increased 
proportion in the plant. This has been shown with water 
cultures where the conditions are of the simplest. 

Most of the work connected with the effect of manures on 
the constitution of plants growing in soil has been done on 
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certain plant organs, more particularly ^vith seeds. In these cases 
the variations ^vere small and sometimes no greater than the 
variation shown by individual plants. 

In tea we are concerned with the analysis of the flushing 
leaves of the bush, and this makes the problem different from 
that connected with an ultimate organ of a plant. The leaf is 
merely the seat of manufacture of the plant's food, and as such it 
should respond to small variations in the composition of the soil 
solution. 

The work in connection with this question has been carried 
out during the year 1920 on tea seedlings and tea bushes. 

Sand cuifnres : — The value of pot culture experiments has 
long been recognised by agricultural chemists, but tlie facts can 
only be used in connection with field work when local conditions 
are perfectly understood. With a sand culture the medium, 
although somewhat resembling a soil in its surface effect, is, from 
the chemical point of view, quite inert. The question of soil 
toxins, either organic or inorganic, does not arise. It has also 
been suggested that live ” soil contains substances with similar 
functions to those of vitamines, substances occurring in small 
quantities in frCvsh food, in the absence of which life cannot be 
supported no matter what the content of the food substance may 
be in carbohydrates, proteins, etc. Such substances, of course, are 
absent from pure sand. 

Practically all the Assam soils are what is loosely termed 
“acidic,” which property brings about unexpected results on the 
addition of manures. On some soils potash manures have a 
depressing effect on the crop, while phosphatic manures show an 
increase which is much greater than would be expected if the 
manure merely acted as a food. On other soils which are ap- 
parently the same, just the reverse action has been noticed. 
When we deal with sand cultures these questions, which are of 
much importance in the field, do not arise. 

Betjan seeds were germinated on 3rd December, 1919, and 
were then transferred to acid- washed, ignited sand. On loth 
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March, 1920, when the seedlings were well established, the remain^ 
der o£ the cotyledons was removed and nutrient solutions added. 
The strength of the solution was based on one suggested by 
Kuoop : — 

4 parts calcium nitrate, C, (N03)2 4HaO 
1 part potassium nitrate, KNO3 
1 n n dihydrogen phosphate, KH2PO4 

1 „ magnesium sulphate, SC)4 ZH^O 
1 „ ferric chloride, F,. Cig 

added as 0*1^ solution. 

If the moisture is 10^ the sand gives the following 
analysis: — 

Nitrogen as nitrate -"8*7 pts. per million. 

Water available potash 0*0012%. 

Water available phosphoric acid U’00077 %, 

Water available magnesia -0*00024%. 

These figures are comparable with the values found in our 

soils, 

For simplicity in calculation the solutions were made up 
from sodium nitrate, sn])er phosphate, potassium and magnesium 
sulphate so that the same concentration of essential constituents 
as suggested by Kuoop was ol>taiiicd. 

Twelve sets of experiments were started. In each set were 
nine seedlings and the ratio of the three chief constituents— 
nitrogen, phosphorus and potash — was varied. 

Each day the cultures were weighed and enough distilled 
Avater added to make the content up to 10%. After a period of 
nine weeks differences became apparent in the vseedlings. Those 
receiving a high percentage of nitrogen were badly attacked by 
Brown blight. As the percentiige of nitrogen decreased the 
colour of tlie leaves became lighter till with a liigh percentage of 
phosphate the colour was a light yellow. 

On 6th August fresh manure was added and the moisture 
content brought from 10 to ln%. The seedlings at once became 
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stronger and those which were banjhi began to send out new 
shoots. This fact is interesting for, from theoretical considera- 
tions, the lower water content should be the optimum. 

On 15th October the seedlings were uprooted, dried 
and analysed for nitrogen, potash and phosphoric acid. The 
table below gives the result of these analyses together with the 
number of plants alive when the experiment finished and the total 
weight of the dried plants. 

The results obtained may be summarised as follows : — 

(1) Growth. — The most vigorous seedlings, as judged by the 

weight of the crop, are those receiving manures rich 
in potash. The least vigorous are those receiving a 
manure rich in nitrogen. 

(2) Nitroijen Content. — There is apparently no relationship 

between the nitrogen content of the whole plant and 
that of the manure. The richer the manure is in 
nitrogen the more liable is the plant to Brown blight 
attack. 

(3) Phosi>hatic Content — As the phosphatic content of the 

manure increases, so does that of the seedling. 

(4) Potash Content . — The relationship between the potash 

content of the manure and that of the plant is not so 
simple as that connected with phosphates. The 
manure giving the highest potash content in the seed- 
ling is one containing a high potash and phosphate 
content and a low proportion of nitrogen. Jlore work 
is necessary before anything definite can be stated in 
this connection. 

During the year 1921 fresh seedlings will be grown and 
treated with various manures. 

Eceperiments with the Leaves of Tea Bushes : — Whereas with 
experiments on tea seedlings infinite care and trouble are neces- 
sary, work on bushes in the field is comparatively simple. A 
plot of 252 bushes was used for the experiments described below. 
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Between each treated bush and each check bush was one un- 
touched bush. Nitrogen was added in the form of dried blood, 
potash as chloride and phosphate as superphosphate. The total 
manure added to each bush was based on the figure 90 lbs. per 
acre calculated on potash as K2O, phosphate as P3O5, and nitrogen 
as N. Every possible variation containing two and three man- 
ures was ein]jloyed, the amount of each constituent varying from 
15 to 75 lbs. ])er acre. In all, twenty -five different mixtures 
were added. 


Every seven days thronghout the Hushing period, leaves 
were plucked and dried. Uegulur plucking, two leaves and a 
bud was observed throughout. At tlic end of the season (1919) 
the analyses were made. In April, 1920. manures were added to 
the plots as l.>cfore and the leaves were plucked tliroughout the 
season. The analyses will again lx? made. 

The following deductions have been made 

(a) Niiroqen . — The variation in the nitrogen content of 
different leaves is very great. It is well known that even in 
small plots, differences due to soil irregularities are greater than 
those due to raanurial treatment. Only after comparing each 
value with that of the corresponding values of the check bushes 
canany relationship between manurial treatment and leaf consti- 
tution be observed. 

The manures richest in potash produce leaves poorest in 
nitrogen. If excessive nitrogen venders a bush liable to blight 
attack, it seems highlv probable tliat the beneficial effect of potash 
mamires may depend on their i^wcr of reducing tlic nitrogen 

content. 

In all cases except four, mannving appears to have increased 
the percentage of nitrogen. In two cases, both receiving man- 
ures rich in potash, there has been no cliange But the differences 
everywhere are seen to be extremely small and almost negligible 
when the variation between individual bushes is considered. 
Probably now that a nitrogen value has been obtained for each 
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bush, the second year’s manuring will show a change compared 
with last year’s individual value, 

{b) Phosphates , — There is apparently no definite relation- 
ship so far between phosphatic content of the manure and the 
leaf composition. 

(c) Potash , — No relationship between the potash content 
of the manures and that of the leaf can be seen after the first 
year’s manuring. 

Recent work at Pusa lias shown that the nitrogen content 
of rice may be doubled by the addition of large doses — 160 lbs, N 
per acre — of manure. Such quantities are of course impracticable 
in the field. Smaller doses have practically no effect on the 
constitution of the rice seed. It has been shown that the con- 
stitution of the mustard plant is not affected by manuring with 
such small doses as 15 lbs. per acre. 

The problem with the tea bush is different in that we are 
dealing with a perennial, so that the effect of manure is cumula- 
tive. In many cases it will probably take several seasons to bring 
about any definite alteration in the constitution of the leaf by 
manuring. 
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OBSERVATIONS ON THE CLIMATE AND CROP 
OF SEASONS 1918, 1919 AND 1920. 


The past three seasons in the tea districts of Assam Iiave 
not been at all normal. Tlie year 1918 is notable on account of 
tlie heavy and continuous rainfall. For<lays together the drains 
at Tocklai were full and the result of such water-legging is not 
only reflected by tlie leaf yield at tiie time but also by its bad 
effect on the general health of the bush in the ensuing dry season. 
The total rainfall registered at Tocklai for this year was 90*94 
inches. 

In the following year, 1910, the rainfall was only 75'OS 
inches. This would Ijave been sufficient if it had been well 
distributed, but 45 indies fell on 25 days. 

During the jiast season the rainfall only amounted to 07*55 
inches. Althougli this is below tlie average, the distribution up 
to October was so go >d that the soil was in about optimum con- 
dition almost the whole time. From October onwards the rain- 
fall was deficient and plucking ceased before tlie end of Novem- 
ber. 


Below is a table showing the monthly rainfall and the num- 
ber of wet days in each month recorded at Tocklai for the last 


three years. 



TaiiLK. 





HaiuEall iu 

iiis. 

No. 

of days On which ruin fell 

^JONTHS. 

i 

1918 

1919 

1920 , 

1918 

1 1919 

1920 

January 

O'lii 

0-28 

O-'b'i ■ 

1 

2 

2 

February 

1-26 

0-97 

2-7 J 

4 

5 ! 

8 

iturch 

li 97 

0-75 

6 ■ I u 

IG 

3 i 

14 

April 

5 91 

7-41 

9 OH 

11 

8 I 

13 

May 

10-42 

6'57 

. G 78 . 

IJ 

11 i 

11 

June 

14'62 

22-09 

' 9-89 ’ 

19 

18 1 

19 

July 

i 18-20 

16-37 

14-1.8 1 

20 

21 

18 

August 

19 48 

10-71 

9-22 

[8 

13 ' 

20 

Se))t6rnl»er 

^ J2-44 

‘J-.VJ 

G-17 

1.4 

18 

IG 

October 

2-42 

0-40 

: 2-47 

4 

10 

9 

Novoa.ber 

t 0-40 

0-42 

^ 0-20 

1 

4 

u 

December 

nil 

1 0-11 

1 

i 0 10 

1 

nil 

' 2 

1 

2 
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Attached are graphs showing the mean weekly temperatures 
and the weekly crop and the rainfall for the three seasons. 

The monsoon change is seen al^out halfway through June. 
Before this period, the prevailing winds Lave come from the cen- 
tral Asiatic plateau to the North of Assam and have been cold 
and dry. Winds bringing rain during the critical months of 
February, March and April are accompanied by a rise in tern- 
peratnre and hence must have originated in the South. After 
the South-West moiisoou has broken, rain is accompanied by a 
fall in temperature. 

The crop was ])lucked from tlie Tocklai clearance which is 
an area of 3 acres ])laiited with eight different jats of tea — Mani- 
puri, Burma, Kalliue, China, feinglo, Kharikatia, Paiiighut, and 
Betjan. The tea was ])ut out at Xhe cud of 191-1, collar pruned 
in 191(1, and then left till it was cut back in 1918 to 6 inches. 
In 1919 half was cut back to 10 inches and the other half 
skifi'ed. The total crop for the three years 1918, 1919 and 1920 
was 7,009, 3,825 and 7,790 l]>s. respectively. Tlie different treat- 
ment received by the buslies is the cliief factor accounting for 
the difference in crop from year to year, and in comparing the 
curves and correlating them >vitli the rainfall and temperature, 
the form, and not the magnitude, should be taken into accoinU. 

Turning first to the diagram for the season 1918, it will bo 
seen at once that rainfall was at no time lacking. Tlie time of 
plucking at Tocklai daring this season Mas different from that 
in the seasons following, >vhen a regular pluck m as made every 
seven days. The curve for the 1918 crop sIioms six distinct 
points of great output. There is one in May, one in June, 
one in July, overshadowed by a greater one in August, 
one in September and tlie final one at the end of October. These 
maxima may be taken to represent six flashings during the 
season. At each flush the bushes \vere plucked “ to the gums” 
and the result is seen by the falling nif in crop in the following 
week. In July and August the bushes are flushing most 
vigorously. Experiments at Tocklai during this period have 
shown that the regeneration time (1. e. the time required for 



OBSKUVATIOX.'^ nx Tin: cmmatk and crop 


,S0 

the development of a fresh flush) is about thirty days. Later 
on, the period increases and the autumn flush takes six ^veeks 
to mature. This slower rate of growth probably accounts for 
the improved flavour of the late teas. 

In 1919, the cold weather drought continued well into April 
and this accounted for the late start made by the buslies. To 
the end of J ul\' the increase in leaf continued and then the crop 
fell off. The cause of tiiis was undoubtedly the dryness of the 
atmosphere at this time. The normal mean temperature during 
the hot months in Assam is about 82 ’5° F. A rise in the 
mean is almost invariably followed by a fall in crop, not because 
such a temperature is unfavourable to leaf growth, but because 
the humidity of the atmosphere invariably falls from about 94 
which is the normal to 75 in this particular case. The drier the 
atmosphere becomes, the easier is it for the bush to carry out 
its normal transpiration. When the atmosphere becomes very 
moist this action can only be carried on by increasing the leaf 
area. During the period we are considering a fair quantity of 
rain fell, but mostly at night, so that its full benefit in raising 
the humidity was lost. Tlie heavy crops obtained at the end of 
fhe >season were no doubt due to the good rains which prevailed 
ill October, for the results of any peculiarity in the weather are 
usually most apparent about three weeks after such weather. 

Turning now to the 1920 chart, it is at once apparent that 
the beginning of the season, while more favourable than that 
of the previous year, still had its drawbacks. Up to the middle 
of May the rainfall had been too heavy and continuous and the 
temperature too low for this period of tlie year and the soil was 
becoming water dogged. The dry weeks ending May 23rd, 30th 
and June 6th, put the soil into better condition and the result 
is seen in the rapid increase in crop. At the same time, the 
dryness and hot sun considerably increased the attack of Brown 
blight which became serious till the rains in the latter j)art of 
June modified climatic conditions. 

One of the highest yields was obtained on June 20th. 
During this Aveek, the skiffed darkdeaved varieties gave their 
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greatest yields. The other point notable for a good yield is 
that of October 17th. In this week the skiffed light-leaved 
varieties gave their best yields and the cut-back tea had come 
into full bearing. The depression starting during the week 
ending August 8th is no doubt the aftermath of the dry week 
ill July which was accompanied by a period of low hnrniditv. 
The heavy rainfall in the two weeks following, coming chieB}^ 
at night, did not rnise tlie humidity as much as might be 
expected. 

Although plucking ceased practically everywhere, by arrange- 
ment, on NovemVxT 15th, it was carried on at Tocklai till the 
end of the real season which finished on November 3 0th. The 
early close was due to the irregularity of the rainfall after 
September 19th and to the drought which started on October 
13th, twenty days earlier than in the previous year. 


C. R. H. 



TOCKLAI CLEARANCE. 


Object a7id Plan : The object of this clearance is to show 
good specimens of some of the most common varieties of tea 
planred in North-East India. It cannot strictly be described as 
a trial of the various “ jats” since there is only one plot of each, 
and in this district soil often varies so greatly within a small 
area that results from a single plot can never be depended on 
with anv degree of accuracy. In this case the variation in soil 
over the whole area is probably less than usual. The compara- 
tively heavy manuring has also tended to make the soil over the 
whole clearance more even. The analyses given below show the 
variation that actually occurs. 



Manipuri 

plot 

top- Soil. 

Kbarikatea 

plot 

top-soil. 

Batjan 

plot 

top-soil. 

Betjan 

plot 

sub-soil. 

Coarse sand 

4-70 

5-94 

5-97 

4-86 

Fine sand 

63-38 

63-28 

68 37 

54 50 

Silt 

12-66 

12-27 

7 ‘66 

19-92 

Fine silt 

1129 

9-17 

10-19 

9-92 

Clay 

3-99 

5 93 

4-28 1 

8-66 

Loss on ignition (organic matter) ... 

3-35 

3-06 

2 92 

1-08 

Total nitrogen 

010 

0 12 

0-115 

0-078 

Available potapli 

0-007 

D-ons 

0 008 

0-007 

Available phoppboiic aoid 

0 005 

0 0i>6 

f)-007 

0-002 


■' This analysis was made in 1015, tho others in 1920, It ia pnobable that in the 
interval the llanipuri plot has improved. 


A crop of cowpeas was weighed before burial in 1919. The 
crop from the Manipuri plot at the south end of the clearance 
was 4^ tons per acre and the weight obtained fell oft fairly evenly 
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from south to north till only 4 tons per acre were obtained from 
the Panighat plot. The growth of Arhar in 1920, although not 
weighed, confirmed the fact that fertility fell off fairly evenly 
from south to north. 

After 1919 it was decided also to use these ])lots for a trial 
of unpruned tea, the intention being to leave half of each plot un- 
pruned every other year. 

Pruning : The pruning has been jiraetically that which was 
considered orthodox w lie re it is desired to produce Avide bushes 
early. 

191 (b Collar pruned in November, after 2 years in the 
soil or 0 years from seed. 

Average yield for 6, [dots 1917 2*40 mds. pucca 
tea per acre. 

Ill the case of the Betjan and Panighat where 
planting Avas a year later (at h months old), 
collar pruning Avas done in August, 1917, after 
2 3 ^ears in the soil, or at 2i years from seed. 

Average yield of 2 plots in 1918 o'29 mds. pucca 
tea per acre. 

The gain from early collar pruning is obvious, and 
the subseipient liistoiA' of the plots shoAvs that 
the bushes suffered no harm. 

1917. Unpruned. 

1918. Average yield from 0 plots planted in 1914 8‘IS 

mds. jier acre. 

Cut doAvn to 111 December. 

This is loAvcr than sindi cutting is usuall}' per- 
formed. The idea is to obtain a small number 
of stronger shoots with a wide SjU’cad from near 
the ground. 

Average yield from G plots planted December 
1914 4-09 mds. 


1919. 
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Average yields from 2 plots planted July 1915 
3’95 mds. 

The eight plots from 1919 on^varda may be consi- 
dered to have become approximately equal, ex- 
cept in respect of jat. 

At this point it was decided to leave half on each 
plot unpruned every other year, while the other 
half should be pruned annuall 3 ^ 

Therefore one-half was pruned to 4'^ new wood 
(10'^ from ground), all snags were cut out, and 
“ spacing out ” was also attended to. The other 
half still carried many shoots dying back from 
brown blight. It was therefore lightly skiffed 
over the top to remove these shoots, instead of 
being absolutely unpruned. 

1920. Average yield from pruned 8 plots 

4*77 mds. 

Average yield from skiffed 8 plots 

11’63 mds. ^ 

Both styles of pruning had produced a good 
spread,” but the lower (2 years old) w'ood is 
cn the whole stronger and cleaner on the 
‘‘skiffed” areas than on the “ pruned ” area. 
This is particular!}' noticeable on the Kliari- 
katia and Singlo plots where, also, onc-year 
wood on manj' bushes is distinctly poor. 

In December 1920 the half which had been “ skiffed ” was 
cut down to 10” from the ground, and the half which had been 
cut down to 10” the previous year was cut across at 14” (leaving 
4" new wood). 

In both cases spacing out was attended to, but all strong 
shoots (whether “ outsides ” or “ centres ”) for which there was 
sufficient room were left. 


I mean 
{ 8 ‘2 mds. 
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It is estimated that the 11/^ pruniag on one-year wood will in 
1921 give very much more leaf than the 10'^ pruning on two year 
wood, but the difference is not expected to equal the lead of 7 
mds. per acre held by the “ skiffed tea ” in 1920, 

On the whole, therefore, tlie result of this trial, so farl as it 
has gone, is in favour of pruning young tea only every other 
year. It is considered however that 1920 was favourable to such 
pruning. The early part of the year was particularly favour- 
able and there was at no time anything approaching drought. 
The early close to the season, also, stopped flushing at a time 
when the pruned tea was yielding heavily while the skiffed tea 
was distinctly falling off. 

Manuring : The iiia miring represents no kind of trial, and 
was simply that thought desirable at the time. It is, therefore, 
simply set down for record. 

Before planting 10 mds. slaked lime per acre. 

20 tons cattle manure per acre. 

Boga medeloa sown broadcast and crop 
jiloughed in, in autumn. 

1915. Boga medeloa planted between alternate lines of tea, 

and lopped at intervals. 

1916. Sterilized animal meal 200 lbs. per acre. 

Snpcrphos]>hate ... lOOlbs. ,, ,, 

Primings and Boga medeloa buried in trendies IS" 
deep between alternate lines of tea. 

1917. 2 oz. sulphate of ammonia and 2 oz. superphdspluiti^ 

to weakly bushes only. 

1918. Slaked lime ... 10 mds. per acre. 

1919. I. 0. P. Oilcake ... 200 lbs. per acre. 

Sulphate of ammonia ... 50,, „ „ 

Bone Dust ... 209 ,, „ ,, 

Cow peas hoed in after six week^s growth. 

In August, oil account of Browm blight, 1 oz. nitrate 
of potash per bush. 
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Following this treatment, the bushes, helped by rainy 
weather, made fine new growth from below the diseased shoots. 

1920. Fish manure .,.3^ inds. per acre (broadcast) 

Nitrate of potash ... J oz. per bush (forked in) 

Arhar sown in alternate lines, lopped three times 

during the season up the sides, and tops buried 
with prunings in 18'^ trenches in December. 

1921. No manure will be applied. 

Plucking : The system of plucking used has been practically 
that followed in the immediate district. 

In each case after cutting down, plucking was commenced 
at 27" from the ground. 

In 1920 the skilled tea made a very early start and had grown 
about 6" from the shifted surface before plucking commenced. 

In 1917, 1918, and 1919 the plucking system took all the 
ready leaf above the original plucking level, and Avas so strictly 
applied that the bushes even Avhen unpruned maintained a flat 
surface. In these years plucking Avas to the janam ” right 
from the beginning of the season, any shoot that greAv above the 
lev^el surface being broken back. 

In 1920, after July, one leaf above the janam was left, and 
no breaking back was allowed. The ol)ject of this change Avas to 
see if, Avith regular weekly plucking, tlie flat bush could be main- 
tained. The photograph taken at the end of September shows 
that the level Avas very fairly kept, only a few shoots getting aAvay. 

In every case plucking Avas strictly limited to tAvo leaves and 
a bud. The percentage of moisture in the leaf, as weighed, Avas 
determined Aveokly, and A^aried from 75^ on a hot clear day to 
79^^ on a rainy day, Avith an average for the Avhole season of 
70’2%’. Since good pucca tea contains about 7 ^ of moisture, 
tlie ratio of j)ucca tea to green leaf therefore Avorks out at 

2 0*5% of weight of green leaf Aveight of pucca tea, 
or very nearly : — 

pucca tea — \ green leaf 
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and in the yields quoted, the weight of pucca tea has been taken 
as one-quarter of the green leaf, which was weighed accurately to 
a quarter of a pound. 

Yield in mauads of pucAid tea per acre. 



1917. 

1918. 

1919. 

1920.- 

Total in 

4 years. 

Maoipuri ... 

2-5G 

9 -Ob 

4-59 

7-57 

23-78 

Burmah 

289 

9-00 

4-71 

9 21 

25-72 

Kallioe 

2*53 

9-34 

i-38 

8-23 

24 48 

China 

' 2 05 ■ 

7-67 

i 

! 4’2(; 

7-45 

21-43 

Kharikatia ... 

2-02 

795 

3GG 

1 7-95 

j 22-18 

Single 

1'76 

i>05 

2-77 

711 

1 17-09 

Betjaq 


5'64 

4'35 

: lO'OO 


Panighat ... 


4-95 

3-55 

8-17 



^ Yield quoted is the average yield from the skiffed and cut -back plots. 


Varieties : Taking into consideration that the Kharikatia 
plots are on rather poorer soil than the Manipuri and Burniah 
plots, and that the original planting of the Siiiglo plot was bad 
on account of a poor nursery, the yields obtained do give some 
indication of the yielding capacity of the various jats. 

The plots include : Dark-loafed inaigenous 4 plots. 

Light- lea fed ,, ^ plots. 

China 1 plot 

The China has done surprisingly well. 

In appearance the majority of the bushes resemble a good or 
fair hybrid rather than the stunted smalMeafcd bushes now seen 
on the average very old China sections of many gardens. How- 
ever unless it can be shown that the quality of the tea from ChiiRi 
is distinctly superior to that from indigenous tea, it is clear that 
planters have acted rightly in ceasing to plant the China bush. 
It yields a large number of shoots, but their small size makes the 
weight of leaf obtained small, and plucking is relatively expensive. 
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At Tocklrti it has been found that the China bush is most 
liable to attack by red spider and red rust, but remains almost 
free from brown blight. 

Contrary to the usual belief it has been found at Tocklai 
that China does not respond well to hard pruning. 


The relative yields from skiff ed ” tea compared to tea 

cut down to 10'^ are instructive. 


China. 

! Light leaf 

1 indigenous. 

Dark leaf 
indigenous. 

Skiffed ... ... 

... ' 10‘88 inda. ; 

j 11-91 rads. 

11-62 inde. 

Cut down to 10" ... 

... ; 4-02 mds. 

I 4'80 mda. 

4-93 mda. 

j 

ftkiffed 

Ratio “ , ... 

cut down 

2-71 

! 2-48 

i 

: 2-37 


In this case the China has responded distinctly worse to the 
heavier pruning than the indigenous varieties. Many bushes 
came away after pruning very poorly indeed. 

The great difficulty with China is its habit of growing 
flowers and seed. Branches carrying flower and seed will not 
give leaf. It appears preferable, liowever, to stirnulute growth, 
by closer plucking and light pruning accompanied by more 
severe cleaning out, rather than by cutting back more frerjuently 
or more heavily. 

The darKAeafed indi<jenou$ varieties have on the wliole 
shown themselves more hardy, less liable to leaf-diseases, 
and more easily established than tlie light-loafed varieties. 
The leaf generally is smaller and therefore more expensive to 
pluck. The dark-leafed varieties produce thicker wood ; but 
whereas any thin wood on a dark variety will give little leaf, 
thin wood will give fair flushes on a lightdeafed plant. 

The dark-leaf varieties come away earlier in the season, but 
give relatively less than the light leaf towards the latter part 
of the season. 
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For example, in 1920 although the Betjan plot (the best 
light leaf) gave more leaf over the whole season than the 
Burmah (best dark leaf) the yields up to the end of May were : — 

Dark Burmah Betjan 

Skiffed plot ... 94 lbs. 60 lbs. 

Cut back ... 8 lbs. 3| lbs. 

Dark Burmah : A very hardy free-growing large-leafed 
plant, which has consistently remained comparatively free from 
blight and yielded well in all seasons. 

This plot is more even than any other on the station. A 
new clearance of this variety put out in November 1920 at Bor- 
bhetta is now (January) looking splendid and is without a vacancy 
in spite of the dry weather, whereas a light leafed variety plant- 
ed alongside is looking very bad, is badly attacked by red 
spider and has suffered many deaths. 

“ Black Burmah can be confidently recommended even 
for the poorest soil, particularly in a district liable to drought. 

Since this seed has to be collected in hill jungles, transport 
difficulties very often lead to such late delivery, that nurseries 
are not so good ns those from early-planted seed. For this 
reason it is probable that a ‘^once-removed’' Black Burmah 
would be more reliable, but has not been tried at Tocklai. 

Dark Manipur t greatly resembles Burmah, but contains a 
fair percentage of bushes carrying broad light leaves, which arc 
less hardy and appear not to yield so well as the dark -leafed. 

Previous to 1920 the yield had been practically as good as 
the Burmah. No reason can be assigned for the comparative 
falling off in 1920. This plot will be required for buildings 
next year so that it will not be possible to decide whether the 
falling off is permanent. 

Kalline : Also a fine dark hardy plant, but the plot con- 
tains too many bushes almost “hybrid” in appearance. Yield 
has been rather less than from the Burmah. 
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Panighat : A dark -leafed variety showing generally smaller 
leaves than the Burmah and Alanipuri. It is possible that the 
plants for seed bushes were not very carefully selected. This 
plot, however, has remained more free from blights than any of 
the others and always looks very healthy. The plot is at the 
extremity of the more infertile end of the clearance. 

Kharikaiia : This is a Single once removed, and represents 
the type of light- lea fed indigenous tea most commonly found 
in Assam. The leaf of this type is characterised by its great 
length, narrowness, and ver}^ long pointed tip. In the early 
part of the season, the plant shows a fine large healthy -looking 
leaf not much lighter than Alanipuri, but as the season advan- 
ces plucking bushes sliow smaller leaves distinctly lighter in 
colour, while in the cold ’weatlier the leaf becomes almost yellow, 
and as at Tocklai and Borblietta it is ahvays attacked by red 
spider, it presents a very poor appearance at this season. It has 
also been observed to be more liable to fungus diseases of the 
leaf than are dark varieties, and more sensitive to abnormal 
soil conditions such as water- logging and drought. It is undoubt- 
edly more difficult to establish. 

On the other hand it produces comparatively large shoots, 
and appears capable of yielding better than dark -leafed varieties 
on really good soil with favourable weather ; and it has been 
observed on many gardens that this and similar varieties do very 
well when they have become \vell established. 

Singlo Hill: This particular plot on account of a bad 
nursery is still very backward and contains many intil lings. It 
is, of course, of the same type as Kharikatia, and the same 
remarks apply. 

Betjan : It is also a light-leafed Assam indigenous variety, 
but quite different in appearance from those of the Singlo 
type. Its leaf is very broad, instead of very narrow, rather 
resemblijig light-leafed Alanipuri. It is darker than the Singlo 
type of leaf, and the leaf areas between the veins stand out as 
if embossed. Betjan, like other light-leafed varieties, is very 
liable to leaf diseases, particularly brown blight, but in spite of 
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this grows remarkably vigorously, and yields extremely well. 
In 1920, which was on the whole a season favourable to deli- 
cate jats, it proved the heaviest yielder on the station. The 
skiffed area in 1920 (at o years from seed) yielded over 14 mds. 
pucca tea per acre. 

A clearance of this variety has also done relatively well on 
the poor, iinmanured soil at Rorbhetta. It is a type not com- 
monly seen. Goi])ani and Tingamira (light leaf) are stated 
to have originated from Betjan seed, and are certainly of a similar 
t\ pe. 

H, K. C. 


0.0 P —1,500— 11-^ iy2l. 







BURMA PLOT, JANUARY 1921. 






MANIPURI PLOT. SEPTEMBER 27th 1920. 
Foreground, after pruning to 10"* 
background, (where hushes touch) after skjfHng. 




n left, pruned to 14' on 1 year wood, 
n right, pruned to 10' on 2 year wood. 

Note compatatioe thickness of lower wood. 





BETJAN PLOT, SEPTEMBER 27th 1920. 

Foreground, after pruning to 10', 
Background, (behind boy) after skiffing. 




BETJAN PLOT, JANUARY 192 

Foreground, pruned to 10" on 2 year 
Background, pruned to 14" on 1 year 





